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The ‘extreme female brain’ (EFB) is derived from the empathising -  
systemising theory (E-S) which hypothesises that sex differences in cognition 
exist on a continuum, based on abilities in ‘empathising’ and ‘systemising’ 
(Baron-Cohen, 2003). The EFB profile; extreme empathising alongside 
deficient systemising, has received little attention in social cognitive 
neuroscience research, compared to the extreme male brain, which has 
advanced the knowledge of sex differences in the expression of autism.
Currently, there is no solid evidence of a clinical pathology relating to the 
EFB nor a marker of cognition associated with a person’s ‘place’ on the E-S 
continuum. Here, an episodic memory paradigm with social and non-social 
conditions was given to participants along with measures of empathising and 
systemising. Scores on the social condition predicted where a person lies on 
the E-S continuum. The thesis then investigated the hypothesis that 
schizophrenia is expressed in the feminised profile (Badcock & Crepsi, 2006)
i
and the presumption that empathising and systemising demonstrate a trade­
off.
Elements of paranoia were associated with an empathising bias. However, a 
bias in systemising ability was associated with schizotypy along with a 
significant overlap in the expression of autistic traits and schizotypy. 
Therefore, schizophrenia as a whole is unlikely to be the pathology seen in 
the EFB, rather, the positive symptoms of schizophrenia. A trade-off 
between empathising and systemising was seen but only in participants over 
36 years. These results have significant implications for assessment and 
treatment of neuropsychological disorders and provide more specific details 
on the potential EFB pathology.
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Chapter 1
Thesis overview
1.1 Introduction and aims
The ‘extreme female brain’ (EFB) profile (Baron-Cohen, 2003) has captured 
the attention of psychologists and cognitive neuroscientists in recent years 
(Brosnan et al., 2010; Russell-Smith et al., 2010; Smit, 2010, Jones & Lesk,
2013), mostly because of the simplistic, yet intriguing account of the 
significant influence sex differences may have on human cognition and the 
manifestation of psychological disorder.
The EFB profile is characterised by a high level of social intelligence 
(empathising) alongside a severe deficit in mechanical style thinking 
(systemising) (Baron-Cohen, 2003). An example of empathising is the 
intuitive ability to understand another person’s emotional state. Examples of 
systemising would be intuitive understanding of mathematical equations, 
physics, or map reading and spatial awareness (Baron-Cohen et al., 2003). 
The EFB concept is derived from the empathising -  systemising theory <E-S) 
(Baron-Cohen, 2003); a model which hypothesises that every person can be 
placed on a continuum of cognitive profiles based solely upon measurement 
of their individual ability in both empathising and systemising intelligence 
(See Figure 1 ).
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Fig. 1: The E-S model
The EFB is located at one end of the E-S continuum, where Baron-Cohen 
(2003) claims that this brain type is void of any pathological consequence, 
because no known pathological disorder is fitting with a cognitive profile that 
presents with an extreme deficit in systemising alongside an advanced ability 
in empathising.
The E-S theory is based on the notion that sex differences in the brain have 
become hard-wired through a process of evolutionary adaptation to historical 
social gender roles (Baron-Cohen, 2003). Baron-Cohen (2003) offers that the 
main instigator for our preference for empathising and systemising styles of 
thinking (and therefore our place on the continuum) is not due to our 
biological sex, but instead the level of fetal testosterone (fT) we have been 
exposed to during neurodevelopment.
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Baron-Cohen (2003) introduces the concept of ‘brain types’ to the field of 
social cognitive neuroscience. At one extreme end of the E-S continuum is 
the extreme male brain profile (EMB) (or sometimes termed ‘extreme type S’) 
(Figure 1). The EMB individual presents cognitively with greatly advanced 
systemising abilities, alongside a deficit in empathic ability (S »E ), to the 
point where empathising is all but absent (Baron-Cohen, 2003). It is here 
where the E-S theory infers that a neuropathological consequence of the 
EMB is the manifestation of autism spectrum disorder (ASD). Towards the 
centre of the continuum is moving into the territory of the male brain (known 
from here onwards as the ‘type S brain’), (S>E) a profile which demonstrates 
a subtle advantage in systemising over empathising; some autistic 
tendencies may be evident, but do not disrupt daily life so much as to be 
considered clinically relevant. In the middle of the continuum is the balanced 
brain (E=S), where systemising and empathising abilities are equal, this is 
the brain type that the majority of the population will be categorised into, 
simply because most people will demonstrate neither an advantage or 
disadvantage in empathising or systemising (Baron-Cohen, 2003). Further 
along the continuum will be the female brain (E>S) (known as ‘type E’ profile 
from this point onwards); this person will demonstrate a subtle advantage in 
empathic ability alongside slightly less ability in systemising. At the opposite 
end of the continuum to the EMB profile is the EFB; which in Baron-Cohen’s 
own words (2003, p.170) is 'unknown terrain’ and void of any known 
pathological consequence, unlike the EMB.
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At present, the E-S theory claims that no pathological consequence occurs 
as a result of a feminised brain profile (Baron-Cohen, 2003). However, a 
recent theory has in-directly suggested that the EFB may be implicated in 
schizophrenia (Badcock & Crespi, 2008). This theory has not received great 
amounts of empirical investigation. This thesis explores the relationship 
between the feminised (type E) brain profile and schizotypy in non-clinical 
populations, by investigating individual phenotypes of schizotypy in relation to 
the E-S theory. This investigation was based on the notion that ASD and 
schizophrenia exist as diametric opposites on a continuum (Badcock & 
Crespi, 2008). This postulation belongs to the imprinted brain theory (IBT); a 
model that suggests that if an extreme bias in gene imprinting occurs during 
neurodevelopment, either towards paternal imprinting (ASD) or maternal 
imprinting (schizophrenia), the consequence is the manifestation of 
psychological disorder (detailed discussion of the IBT is found in Chapter 5).
The reporting of investigations in sex differences in cognition can sometimes 
be met with claims of ‘neurosexism’ (Fine, 2010). In that some academics 
believe sex difference research is driven by a political agenda (Fine, 2008). 
However, this thesis takes the position that there is ample evidence for sex 
differences in cognition and brain anatomy (Chapters 2); therefore, it is 
important to continue with the study of sex differences in the brain to allow us 
to gather an understanding of how they affect behaviour, and how these 
innate differences might influence the expression of psychological disorder. 
Ultimately, a comprehensive understanding of sex differences may be useful 
for research into therapeutic treatments (sex-specific or otherwise).
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The experimental research presented throughout this thesis investigates 
whether there is a potential pathological consequence of the feminised 
profile. It takes into consideration that in an attempt to link the EFB profile 
with schizophrenia, previous works have failed to recognise that 
schizophrenia consists of numerous individual components, that may share 
specific relationships with empathising and systemising. Therefore a more 
accurate investigation into the IBT hypothesis may be derived from 
investigation into the individual phenotypes of schizotypy, rather than 
quantifying schizophrenia as a whole.
In addition to this primary investigation, this thesis aimed to advance the 
knowledge pertaining to the links between the E-S continuum and other 
cognitive networks, such as memory ability. In an attempt to discover if 
cognitive abilities that have not previously been considered, are implicated in 
the E-S model. Furthermore, this thesis analyses the validity of the E-S 
theory and the IBT in their account of sex differences in the brain, by testing 
their fundamental assumption that empathising and systemising cognition 
share a ‘trade-off’ relationship. In that, as one ability advances (empathising), 
the other diminishes (systemising) and vice versa. This was rationalised to be 
an important secondary aim of this thesis for three main reasons; firstly, the 
majority of previous work pertaining to the E-S concept had neglected to test 
this important relationship, and in those that did, results were inconsistent. 
Secondly, as this thesis progressed, it was observed that results were clearly 
demonstrating a lack of support for this assumed trade-off between 
empathising and systemising. Thirdly, the theoretical concept of the EFB
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profile (the primary investigation in this thesis) is dependent upon the 
fundamental notion of a trade-off between empathising and systemising, 
therefore it became pertinent to address this inconsistency.
1.2 Introducing the main concepts
The main concepts that will be referred to throughout this work are detailed 
below.
Sexual dimorphism -  the term sexual dimorphism refers to phenomena that 
exists in ‘two forms’, so that there is no, or very little overlap between them 
(McCarthy & Konkle, 2005). This is a term often used incorrectly in the 
neuroscientific research of sex differences, as the structure of the male and 
female brains overlap greatly, even though they show structural and 
anatomical differences.
Sex differences -  sex differences are the result of determining effects of sex 
hormones that subsequently influence sex specific cognitive traits and 
behaviours (McCarthy & Konkle, 2005).
Trait level -  here in this thesis, the term ‘trait’ refers to measureable 
individual differences of phenotypes of particular neuropsychological 
disorder. These traits are non-clinical, they are apparent in healthy 
individuals and do not cause disruption to daily living.
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Gender differences -  this term refers to differences in behaviour that exist
between men and women that are rooted in biology but have been primarily 
influenced by social norms and expectations.
Gene imprinting -  this term refers to the parent of origin effect of expressed 
genes, where one of the two genes inherited from our parents is silenced and 
the other is expressed (Morison et al., 2001). A concept that the IBT is built 
upon (discussed further in Chapter 5).
Cognition -  refers to a range of processes that involve comprehension of 
higher order thinking, including ‘attention, decision-making, self-regulation, 
problem solving, language, and memory’ ability (Etkin et al., 2013, p.419).
Theory of mind -  a subdomain of social cognition, theory of mind is the 
ability to attribute another person’s mental state, wishes, beliefs and 
intentions to oneself (Gooding & Pflum, 2011).
Empathising -  the term empathising can be broadly used interchangeable 
with theory of mind. It refers to two factors (i) the ability to recognise another 
person’s emotional state (theory of mind) and (¡¡) the ability to appropriately 
respond to that state of mind; termed ‘affective empathy’ (Baron-Cohen, 
2009).
Systemising -  is a term specifically associated with the E-S theory. It refers 
to the intuitive ability to understand without effort the mechanical workings of
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a ‘system’. It is the drive to analyse the components in said system (Baron- 
Cohen et al., 2003; Larson et al., 2015), and construct systems that are 
based on rules and have predictable regularity (Baron- Cohen 2009).
Empathising - Systemising theory -  brings together empathising and 
systemising abilities to predict that everyone can be placed on a continuum, 
based on a ‘trade-ofF between the two processes. Most people will be placed 
in the centre of the continuum, as they will most likely demonstrate equal 
ability in empathising and systemising (e.g., balanced brains). However, 
some people will place towards the ends of the continuum with a greater 
ability in empathising alongside a subtle deficit in systemising (type E), or 
vice versa (type S). Biological sex is a predictor of empathising and 
systemising abilities, with males more likely to present as systemisers and 
females as empathisers (Baron-Cohen, 2003), however, biological sex is 
simply a predictor of empathising and systemising ability, not a determinant.
Extreme male brain -  is the observation that ASD presents as an extreme 
of male typical sex differences (Andrew et al., 2008). The EMB profile is one 
which is highly advanced in systemising ability, whilst having a severe deficit 
in empathising abilities.
Extreme female brain -  is a theoretical cognitive profile that demonstrates 
highly advanced empathising alongside a severe deficit in systemising 
(Baron-Cohen, 2003).
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Imprinted Brain Theory -  a model based in genetics that hypothesises that 
ASD and schizophrenia exist on a continuum of cognitive profiles as 
diametric opposites (Badcock & Crespi, 2006). The IBT predicts that a bias 
towards maternal gene imprinting during neurodevelopment results in the 
manifestation of schizophrenia, whereas a bias towards paternal imprinting 
results in the manifestation of ASD.
1.3 Overview of thesis structure
The thesis consists of 11 chapters. Chapters 1 to 5 are introductory chapters 
where the necessary background information is presented. The following five 
chapters are experimental (Chapters 6-10), where empirical findings 
obtained throughout the data collection period of this research project are 
communicated. The final chapter (Chapter 11) comprises of a conclusive 
discussion that debates and interprets the empirical findings, along with 
reasoning for further research. The following provides an overview of each 
chapter:
Chapter 2 begins this thesis with a general overview of the current 
knowledge surrounding sex differences in cognition. The male/female 
advantages and disadvantages on particular neuropsychological tasks are 
discussed, along with a detailed discussion of neuroanatomical and 
neurochemical differences. Alternative factors that may influence sex-specific 
behaviours are offered and the chapter concludes with a discussion of the 
controversies surrounding sex difference research in neuroscience.
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Chapter 3 introduces the E-S theory -  the primary theory on which this 
thesis concentrates. This chapter offers a comprehensive discussion of the 
aetiological presumptions and evolutionary basis of the manifestation of 
empathising and systemising cognition. It continues onward with discussion 
of the previous research that has offered both behavioural and 
neuroanatomical support for the principles of the E-S model and concludes 
with relevant critique and issues surrounding the E-S theory concept.
Chapter 4 moves on to discussion of the pathological consequences of the 
E-S theory by concentrating on the EMB theory of ASD. Firstly, a detailed, 
general discussion of ASD is presented, followed by discussion of Baron- 
Cohen’s (2002) hypothesis that ASD is manifest due to the consequence of 
male sex differences at an extreme level. This chapter concludes with a brief 
discussion of how a feminised profile at an extreme level may be implicated 
in schizophrenic pathology.
Chapter 5 introduces the IBT hypothesis that ASD and schizophrenia exist 
on a continuum of diametric opposites based on social brain intelligence 
(Badcock & Crespi, 2006) as a potential theory to explain pathological 
consequence of the feminised profile. This is followed by a general 
introduction of schizophrenia; including discussion of different schizophrenic 
conditions and the notion that schizophrenia can be dimensional in relation to 
the expression of particular symptoms. The chapter concludes with the 
rationale for the argument that positive schizophrenia (phenotypes that
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include paranoia, hallucination and delusion [Mason & Claridge, 2005]) may 
be an accurate characterisation of the EFB.
Chapter 6 is the first of the experimental studies conveyed in this thesis. As 
far as the researcher is aware, a relationship between other cognitive 
processes and how they are implicated in the E-S model has not yet been 
investigated. This is important, as this investigation furthers the knowledge of 
how far reaching the E-S continuum could be in terms of explaining how sex 
differences are implicated in other networks. A two-part study is reported 
which employed a novel episodic memory task paradigm, which was 
administered in a student population sample to explore the hypothesis that 
type E brains would demonstrate greater ability in episodic memory recall, 
alongside greater susceptibility to source monitoring failure. Results 
demonstrated that memory ability was a significant cognitive marker on the 
E-S continuum, specifically when information involved a social context. This 
demonstrated that other cognitive networks are significantly implicated in the 
E-S theory, a notion that had not previously been considered.
Chapter 7 explores the hypothesis that type E profiles have the potential to 
be associated with schizophrenia (Badcock & Crespi, 2008) eating disorder 
(ED), and anxiety disorder (AD) traits (Bremser & Gallup, 2012) by employing 
a method not previously used in the literature. Using a variety of self-report 
inventories, results revealed that type S brains scored significantly greater 
than both balanced and type E brains on scores of schizophrenic traits. This 
is a somewhat surprising and significant finding, which calls into questions
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the accuracy of the IBT’s prediction of a relationship between the type E 
brain profile and positive schizotypy.
Chapter 8 considers the curious findings reported in the previous chapter. 
Chapter 8 explored the relationship between empathising-systemising bias 
(E-S bias) and specific components of schizotypy. This was for the purpose 
of considering the individual components of schizotypy in relation to 
empathising and systemising, rather than schizotypy as a whole; a concept 
that has not previously been explored in the psychology literature and could 
potentially be causing some discrepancies in research findings. A novel task 
paradigm measuring paranoid ideation (PI) and jumping to conclusions bias 
(JTC) (a concept which refers to the amount of information a person requires 
before making a rational decision) was administered in a non-clinical 
population. Results demonstrated that performance on the JTC task (but not 
PI) was significantly affected by E-S bias, with greater empathisers and 
lesser systemisers showing greater tendency to jump to conclusions. 
Supporting the notion that a feminised profile can be associated with specific 
components of schizotypy.
Chapter 9 assesses the exact nature of the relationship between ASD and 
schizophrenic traits, in an adult neurotypical sample using a validated self- 
report measure of dimensional schizotypy. Results demonstrate that ASD 
and schizophrenia traits (overall) were positively correlated, suggesting an 
overlap of diagnostic phenotypes rather than the diametric one -  significantly
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rejecting the IBT hypothesis and offering implications for the ASD -  
schizophrenia continuum model.
Chapter 10 reports the last experimental study in this thesis. A two-part 
study which focused on the fundamental trade-off presumption between 
empathising and systemising. This study administered and interpreted data 
from validated psychological tasks and inventories to explore social and 
spatial cognition in a student sample (Study 1) and general population 
sample (Study 2). Results demonstrated a general dependency between 
empathising and systemising, unless age-related effects are considered. A 
trade-off relationship is evident in adults over the age of 36 years, suggesting 
that the trade-off relationship between empathising and systemising is much 
more complex than previously understood and importantly, is changeable 
over the lifespan. This again has significant implications not only for the E-S 
model, which as far as the researcher is aware has never been investigated 
with respect to age, but also in treatment and understanding of certain 
neuropsychological conditions that may be associated with empathising and 
systemising processes.
Chapter 11 brings together the main findings from the experimental studies 
presented in this thesis. It discusses the implications that these findings have 
for the assessment, diagnosis and treatment of neuropsychological 
disorders. It also discusses how this research has significantly contributed to 
the knowledge surrounding the EFB concept and social cognitive
13
neuroscience literature in general. Concluding remarks are offered along with 
a discussion surrounding areas for future directions.
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Chapter 2
Sex differences in cognition
2.1 Introduction
We are fascinated by sex differences (Eliot, 2011; Eagly et al., 2012; Joel, 
2012; McCarthy et al., 2012; Mendrek, 2015). The mention of sex differences 
in the brain is often met with a gasp of apprehension about what 
pseudoscience is going to be reported next. Why is it that we find the topic of 
sex differences so controversial? Is it because ultimately, we want to know if 
either sex has superiority? Do we want scientific justification for social norms 
and pressures in terms of gender equality or oppression? Some maintain that 
the differences between the sexes are vast (Kimura, 1996; Goldstein et al., 
1998; Moffat et al., 1998; Baxter et al., 2003; Sommer et al., 2004; Hamilton, 
2008; Cook & Saucier, 2010; Chou et al., 2011; Ingalhalikar, et al., 2013), 
whilst others say that anyone who purports such statements are simply sexist 
or endorsing a political agenda (Fine, 2010, 2012).
There is support that our brains are innately gendered (Connellan et al., 
2001), however at the same time, it is difficult, structurally and anatomically 
speaking, to find distinguishing signs of whether or not a brain is male or 
female (Joel et al., 2015). Thus, making the study of sex differences one of 
the most controversial and complex areas of research in psychology and 
neuroscience (Cahill, 2006; Jordan-Young & Rumiati, 2011).
Sex differences are of interest because ultimately, they may help us 
understand gender specific human behaviour (Wizemann & Pardue, 2001). 
This notion seems like it would be a strong driving force for research;
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however, sex differences remain a curious and hesitant subject for 
neuroscientists, due to the political and sociological implications the findings 
can have (Cahill, 2014).
It was not until the 1990s when neuroscientists began to look closely at 
sexual dimorphism and sex differences in the brain in order to gather a more 
comprehensive understanding of the brain basis of observable sex 
differences in cognition and behaviour (Cosgrove et al., 2007). Whilst the 
majority of research was in favour of a clear evidence base for the 
manifestation of sex differences, astonishingly, it was only in 1993 that the 
NIH (National Institutes of Health [USA]) made it mandatory for female 
subjects to be included in clinical traits (Beery & Zucker, 2011). This apparent 
oversight provides an indication as to how the possible confounding factor of 
sex difference and sexual dimorphism has been discounted in considering 
the interpretation of neuroscientific studies. Sacher et al. (2011) suggest that 
because researchers do not consistently report the biological sex of 
participants in experimental research, we do not yet have a comprehensive 
picture of how biological sex truly influences cognition. However, on the other 
side, Beery and Zucker (2011) offer that it is not yet mandatory to include 
both sexes in animal studies, suggesting that the implications of sex 
differences are ignored as it is assumed that the results are applicable to 
both males and females. This is an important consideration, as results are 
almost always inferred to be generalizable to the whole population regardless 
of gender. Further to this, the fact that psychological disorders often show 
sex related differences, and can effect prevalence rates (e.g., ASD, 
schizophrenia, depression, AD, substance abuse, [Eaton et al., 2012]
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Angelman syndrome and Prader-Willi syndrome [Knoll et al., 1989; Kirkilionis 
et al., 1991; Oliver et al., 2007; Buiting, 2010]), makes the study of sexual 
dimorphism and sex difference vital in order to gain a progressive 
understanding of how the influence of sex hormones may affect 
psychological disorder, and provide clues as to effective treatment strategies 
(Cosgrove et al., 2007).
2.2 Sex difference in cognitive ability
Baron-Cohen and Hammer (1997) argue that there is a great amount of 
evidence to suggest that cognitive biases are evident in males and females 
(Cook & Saucier, 2010). For instance, findings show that on average 
females’ exhibit better performance on emotional memory, social sensitivity, 
emotion recognition, verbal fluency, verbal memory, language 
comprehension and executive function tests, whereas males perform better 
on tasks which involve visuospatial processing, such as imaginative rotation, 
spatial perception, motor ability, navigational and mathematical tests 
(Kimura, 1996; Goldstein et al., 1998; Moffat et al., 1998; Baxter et al., 2003; 
Sommer et al., 2004; Hamilton, 2008; Wallentin, 2009; Cook & Saucier, 
2010; Chou et al., 2011; Ingalhalikar, et al., 2013; Jones & Lesk, 2013; Miller 
& Halpern, 2014). Whilst Miller and Halpern (2014) point out that it must be 
remembered that these sex differences are dependent on the characteristics 
of the tasks employed to measure these apparent differences; collectively, 
Ingalhalikar et al. (2013) suggest that these findings support the notion that 
the male brain is structured to expedite connectivity between perception and 
co-ordinated actions. Whereas the female brain is better at assisting
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communication between reasoned and intuitive processing (Ingalhalikar et 
al., 2013). However, whilst there is vast support for these cognitive 
differences, it seems equally important to point out that realistically, 
differences in cognitive abilities seldom amount to more than half a standard 
deviation (Weiss et al., 2003). It is suggested that differences in cognitive 
abilities differ more within genders as they do between genders (Hyde, 2007; 
Neave & O’Connor 2008), however whilst sex differences are very subtle, 
statistically, they do exist.
2.3 Neuroanatomy of sex differences
As well as a clear difference between the sexes on cognitive tasks, 
neuroanatomical differences between males and females are widely 
acknowledged (Sowell et al., 2007), despite being controversial (Cahill,
2014). Relatively recent advances in neuroimaging have allowed for a non- 
invasive way of exploring neuroanatomical differences pertaining to biological 
sex, instead of relying on post-mortem and animal studies to uncover the 
structural and anatomical brain differences between males and females 
(Gong et al., 2009; Sacher et al., 2011 ).
According to Bao and Swaab (2010), sex differences in the neuroanatomy of 
the brain are ‘countless’ (see Figure 2). For instance, males have a larger 
cranium then females, regardless of relative body size (Allen et al., 2003;
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Fig. 2 The pink areas are 
reflective of structures of 
the brain thought to be 
larger in females; the blue 
areas are representative of 
the areas larger in males.
Image credit to Cahill (2006)
Chen et al., 2007; Gong et al., 2009). During childhood, male brains are on 
average 9% larger than females (Giedd et al., 1997). Whereas women have 
shown to have more grey matter than males (Leonard et al., 2008; 
Ingalhalikar et al., 2013), however, this has been disputed, with some studies 
finding decreased grey matter in females or no sex differences when overall 
brain size is controlled for [Courchesne et al., 2000; Good et al., 2001; Ge et 
al., 2002; Sullivan et al., 2004]). Furthermore, male brains are more 
‘asymmetrically organised’ than females, with no apparent age-related effects 
(Cahill, 2014).
According to Sacher et al. (2011), the areas in the brain that tend to show 
greater volume in males include the left inferior temporal gyrus, the right 
occipital lingual gyrus, the right medial temporal gyrus and both cerebellar 
hemispheres. On the other hand, women consistently show greater volume 
of grey matter in the dorsal anterior, ventral cingulated cortices and the right 
inferior parietal lobule (Sacher et al., 2011). Sex differences in the corpus 
callosum are also evident, in that the structure is larger in females compared 
to males (Allen et al„ 1991; Leonard et al., 2008), whereas the hypothalamus
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is greater in males compared to females (Bao & Swaab, 2010). The 
hippocampus and amygdala also show differences during the childhood 
years; the amygdala increases in size for males compared to females, 
whereas the hippocampus increases in size greater for females compared to 
males (Giedd et al., 1996, 1997). On account of this, both Sowell et al. (2007) 
and Bao and Swaab (2010) suggest that these apparent sex differences 
between male and female cortical structures should take into account the age 
of the cohort employed in the study. As age can significantly influence 
anatomical structure, therefore can be considered a confounding variable 
that is not always controlled for.
Levels of intelligence do not differ between the sexes, however males and 
females use different areas of the brain to achieve the same IQ scores 
(Cosgrove et al., 2007). For instances males IQ scores ‘correlate with volume 
of gray matter in the frontal and parietal lobes’ whereas in females IQ score 
correlates with, ‘gray matter volume in the frontal lobes and Broca’s area’ 
(Cosgrove et al., 2007, p. 4). Generally, females tend to demonstrate more 
efficient overall cortical connectivity than males (Gong et al., 2009). Yet at the 
same time, sex differences are associated with different patterns of neuronal 
activation. For instance, males show better neural activation to emotional 
faces in the limbic and prefrontal areas, with females demonstrating greater 
activity in the right subcallosal gyrus for the same stimuli (Fusar-Poli et al., 
2009; Sacher et al., 2011). Different patterns of activation according to 
gender have also been reported in the processing of sad faces (Lee et al., 
2002) and visuospatial processing activates different areas of the brain in 
males and females (Gura et al., 2000; Sacher et al., 2011). Interestingly, in
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relation to visuospatial processes, Moffat et al. (1998) tells us that the male 
advantage in spatial ability is the most reliable and consistent finding which 
pertains to sex differences in cognition. However, much more research is 
required to fully understand exactly how sex specifically influences these 
processes (Sacher, et al., 2011).
The study of neuroanatomical differences between male and female brains is 
often contradictory. Whereas anatomical differences are widely reported (as 
above), Jordan-Young and Rumiati (2011) state that the only ‘structural 
difference that has been independently replicated is in INAH-3, a tiny cell 
group in the hypothalamus that is larger in men than women’ (p. 4). 
Suggesting that sex differences in neuroanatomy are not as obvious as the 
literature proclaims. Joel et al. (2015) offer an interesting study that examined 
the magnetic resonance imaging (MRI) of over 1400 human brains. The 
study revealed widespread overlap between structures in male and female 
brains and concluded that to come across a brain that is obviously male or 
female is extremely rare. Therefore, whilst they acknowledge sex differences 
are evident, they do not support the categorisation of brains into the strict 
male and female brain classifications (Joel et al., 2015).
2.4 Biology, neurochemistry and sex hormones
There is evidence to suggest biology plays an important role in sex 
differences (Collaer & Hines, 1995; Ngun et al., 2012). However as 
previously alluded to, the notion that sex differences are solely the result of 
innate organising effects is widely debated (Fine, 2010). In an attempt to 
discover if sex differences have a biological or social determinant,
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Connellan’s et al. (2000) study looked for sex differences In new-born babies 
at age one hour old. Their findings were suggestive of an innate biological 
determinism of sex differences, in that, new-born girls were more inclined to 
focus for longer on faces. Whereas boys focused longer on mechanical 
objects when presented with visual stimuli placed above their cots. This 
suggests that from the very beginning of life, a preference for emotional 
stimuli (empathising) or mechanical stimuli (systemising) was evident for 
boys and girls respectively (Connellan et al., 2001).
An influential animal study that claimed to observe that preference for 
particular stimuli is evident at an early age (and void of social gender role 
influence) is that of Alexander and Hines (2002). They reported that girls 
(green vervet monkeys) preferred to play with stimuli that spoke to their 
empathie intuition (e.g., dolls), whereas boys preferred to play with toy cars 
and balls, hinting that these cognitive ‘preferences’ are biologically innate.
We can say with some certainty that cognitive differences are due to the 
organisational effects of sex hormones (Baron-Cohen, 2003). Particularly the 
hormone testosterone, an androgen that influences sexual dimorphism in 
that, surges of testosterone drive masculinisation and the absence of 
testosterone determines féminisation (Neave & O’Conner, 2008; Bao & 
Swaab, 2010; Baron-Cohen et al 2011). Sex hormones have an organising 
influence on the brain during neurodevelopment and throughout life 
(Hampson, 1990). There are two particularly influential periods of 
testosterone surge during mid-pregnancy and within the first three months 
after birth (Bao & Swaab, 2010).
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It has been proposed that higher levels of fetal testosterone (fT) influence the 
growth of the right hemisphere (Manning, 2001), and it is suggested that this 
may be a reason spatial abilities are on average better in males (Burkitt et al., 
2007; Auyeung et al., 2008; Barbeau et al., 2009; Auyeung et al., 2011). In 
studies exploring levels of testosterone (plasma) in relation to cognition, 
higher fT levels have been shown to positively correlate with enhanced 
systemising abilities (Connellan et al., 2001; Baron-Cohen et al., 2004; 
Hines, 2010; Whitehouse et al., 2010). Further, evidence linking fT levels to 
sex differences in cognition is offered by Lutchmaya et al. (2002) who found 
that the amount of time a one-year-old maintains eye contact and the quality 
of social relationships, is inversely correlated with higher levels of 
testosterone. This suggests that lower levels of fT are associated with better 
social aspects of development. In addition, Whitehouse et al. (2010) found 
females who showed higher levels of fT presented with poorer language 
ability, which fits with the notion that there is a male disadvantage in 
language processing. Further, the Cambridge fT project (Baron-Cohen et al., 
2004; Auyeung et al., 2006), is a longitudinal study of psychological variables 
of normally developing children whose fT levels were sampled during 
amniocentesis. The study found fT levels were inversely correlated with eye 
contact at one year of age, language ability and quality of relationships at 
four years and empathie traits at eight years. The levels of fT were found to 
positively relate to systemising traits at three years and better performance 
on the embedded figures test (EFT) (see section 6.3.2.2 for description of 
this task) at eight years (Baron-Cohen et al., 2011). This indicates that levels
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of fT significantly contribute to the cognitive biases that are evident between 
males and females.
2.5 Sex differences and disorder
As referred to previously, at extreme levels, sex differences have a significant 
influence on the manifestation of neuropsychological disorder (Romano et al., 
2016). Here in section 2.5, a brief summary of some of the disorders that are 
affected by sex differences are offered. A detailed discussion of ASD and 
schizophrenia in relation to sex differences is offered in Chapter 4 and 
Chapter 5 respectively.
We have evidence that sex differences are related to psychological disorder 
from the prevalence figures that show higher rates of incidence for one 
particular sex; for instance, Bao and Swabb (2010) claim that in cases of Rett 
syndrome, lympocytic hypophtsitis, anorexia and bulimia and hypnic 
headache syndrome, 75% of the cases are female. On the other hand, we 
see that, males are reported to present with dyslexia, attention deficit 
disorder, ASD, sleep apnea, Tourette’s syndrome, Kallmann syndrome and 
Kleine-Levin syndrome in over 75% of cases (see Bao & Swaab, 2010 for 
further details on prevalence figures). A particularly relevant disorder that is 
greatly influence by sex difference is schizophrenia (Badcock & Crespi, 
2006). Greater numbers of males present with the negative symptoms such 
as flattened affect and social withdrawal, whereas females show a greater 
level of positive symptoms such as hallucinations and delusions, suggesting 
sex differences are a significant modulating factor in the expression of the
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disorder (Badcock & Crespi, 2006). However, Bao and Swaab (2010) argue 
that the notion that psychological disorder arises from sex differences is not 
established and that it may be the case that sex difference affects the already 
established disorder.
2.6 Considerations
As previously specified in section 2.3, neuroanatomically speaking, it is 
accepted that sex differences exist in the brain (Goldstein et al., 1999), 
however caution is suggested when interpreting results found by 
neuroimaging, as there is a tendency to ‘infer mental states’ (Fine, 2010) 
from such data. The ‘sheer complexity of the brain, together with our 
assumptions about gender, lend themselves beautifully to over interpretation’ 
(Sutton 2010, p.900) and some academics make the suggestion that 
neuroscience seemingly ignores the rationale that the brain is soft wired and 
is simply reflective of the environment. They suggest that neuropsychological 
tests are not evidence enough to offer staunch support for these so-called 
‘hard-wired’ differences, which are gendering the brain (Hyde, 2007; Fine, 
2008, 2010). Fine (2010) suggests that the irresponsible reporting of sex 
differences in anatomy, chemistry and cognition have resulted in a wave of 
‘neurosexism’.
The sociologist would argue that the reason behind these observed sex 
differences is constructionism, in that people conform to social roles and 
therefore become practiced in that gender role rather than having an innate 
preference towards empathising and systemising behaviours (Banjani & 
Hardin, 1996).
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Whilst it is the position of this thesis that there are clear sex differences in 
anatomy, brain chemistry and cognition, influenced by organising effects of 
sex hormones, rational thinking tells us that the similarities that exist between 
the sexes heavily outweigh the differences. This does not mean however, 
that sex differences should be ignored; they are an important factor in the 
interpretation of scientific studies and should be considered. However, it is 
acknowledged that there is often a media culture of inaccurately reporting 
novel sex differences for the purpose of creating interesting headlines for the 
general public (Eliot, 2011). This often results in an air of pseudoscience 
around the study of sex differences in that findings are often embellished and 
subsequently misinterpreted (Maney, 2016). Equally, some take the position 
that the reporting of sex differences can be a bargaining tool for political or 
misogynistic agendas (Halpern, 2012), with Halpern (2012) offering a 
warning that ‘one of the most distressing outcomes of modern neuroscience 
is the way the findings are being misused to advance political agendas’. 
Thus, neuroscientists have a responsibility to communicate results pertaining 
to sex differences mindfully and responsibly.
*B io lo g ic a l a n d  b e h a v io u ra l d iffe re n c e s  b e tw e e n  th e  s e x e s  ra n g e  from  
obvious, to su b tle  o r  n o n -ex is ten t. N e u ro a n a to m ic a l d iffe re n c e s  a re  
p a rtic u la r ly  con trovers ia l, p e rh a p s  d u e  to  th e  im p lica tio n  th a t th e y  
m ig h t a c c o u n t fo r b e h a v io u ra l d iffe re n c e s ” (Leonard et al., 2008,
p.2920).
Another area of consideration that needs to be addressed here is the 
structure to function issue as referred to by Leonard et al. (2008) in the quote 
above. Do these observed anatomical differences equate to behavioural and 
cognitive differences between the sexes? It is likely, but not proven that
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behavioural and cognitive sex differences are due to differences in 
neuroanatomy (Gur et al., 1999). The structure - function relationship 
between the brain and behaviour is informed by research that presumes a 
relationship between brain and behaviour based on volume of brain areas 
relative to task performance. For instance, Baron-Cohen (2009) offers that 
areas involved in language abilities such as Wernicke and Broca’s area 
(Harasty et al., 1997), the dorsolateral prefrontal cortex and the superior 
temporal gyrus (Schlaepfer et al., 1995), are larger in girls, and girls tend to 
have better aptitude for language use compared to boys (Baron-Cohen, 
2009). Therefore, there seems to be evidence for a tentative link between 
structure and function. However, as Halpern (2012) offers, it is a long leap 
from neurons to actual behaviour (see Roskies, 2009 for detailed debate).
Whilst these controversies are important to consider, this thesis takes the 
position that there is a clear basis for the notion of sex differences in the 
brain (Cahill, 2014). Neuroscience still has a way to go in determining the 
exact nature of the implications biological sex has on brain structure and 
function. However, there is ample evidence to suggest sex differences are an 
important consideration and research should continue to further the current 
knowledge regardless of the controversies.
2.7 Chapter summary
This chapter has presented the case that sex differences are quantifiable in 
males and females. It has considered the validity of the evidence for 
differences in cognitive aptitude between males and females that are 
consistently reported in the literature. In addition, this chapter has considered
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the anatomical and structure differences in the brain between the sexes, at 
the same time acknowledging the debate that differences are likely to vary 
within the genders as they do between them. This thesis aims to contribute to 
the debate of sex differences in cognition by focusing on two of the current 
and most prominent models of sexual differentiation- the E-S theory and the 
IBT, to investigate their ability to accurately link sex differences to pathology 
at trait symptom level. The E-S theory is introduced in detail in the following 
chapter.
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Chapter 3
The empathising -  systemising theory
3.1 Introduction
Rumiati and Humphreys (2015) review the recent progress neuroscience has 
made in relation of the knowledge of the neural basis of social behaviour, 
which provides a link between the brain basis of social behaviours and other 
disciplines of psychology such as social psychology. The investigation into E- 
S theory is an apt example of this progression, as concepts such as 
empathising and systemising could be argued to refer to learnt behaviour 
through a process of social development. However, Baron-Cohen’s (2003) E- 
S theory is rooted within developmental cognitive neuroscience, which aims 
to define empathising and systemising as abilities that are innate, determined 
by strict biological organising effects.
The E-S theory can be defined as a model that is aiming to explain sex 
differences in human cognition, by suggesting that the difference can be 
explained by quantifying empathising and systemising abilities; two 
distinctions which Baron-Cohen (2003) suggests ‘gender’ the brain. The 
model aims to quantify the whole population on a continuum of cognitive 
profiles, born out of the observation that ASD presents as the extreme of 
male typical behaviours such as higher levels of testosterone, increased 
systemising and reduced empathising ability (Baron-Cohen, 2002) (Note: the 
EMB concept is discussed in greater detail in Chapter 4). This led Baron-
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Cohen (2003) to question whether the observation of extreme sex differences 
in ASD could inform the field of psychology about the role of sex typical 
behaviours in the neurotypical population.
Given the success the EMB has had in progressing the knowledge in relation 
to ASD, in that it is a well-accepted characterisation of ASD pathology 
(Baron-Cohen, 2002). Investigation into the EFB and the feminised profile 
has the potential to discover psychopathological phenotypes that may be 
affected or determined by a hyper-feminised -  hypo-masculinised brain, 
which is the primary aim of this thesis.
According to the E-S theory, the whole population exists on a continuum of 
cognitive profiles (Figure 1, p.2) which are defined by ability to empathise and 
systemise. Empathising, according to Baron-Cohen (2008), consists of two 
factors. Firstly, the ability to recognise another person’s emotional state, 
which is termed cognitive empathy. Secondly, an ability to appropriately 
respond to said state, termed, affective empathy (Barn-Cohen, 2003). 
Ultimately, empathising is the tool we use to make sense of the social world 
around us (Muncer & Ling, 2006). Systemising on the other hand, is the 
ability to understand or construct systems; it is an ability to understand 
phenomena that work according to ‘laws’, examples of systemising would be 
map reading, spatial awareness, or effortlessly understanding the laws of 
physics (Baron-Cohen, 2009). Systemising allows us to develop rules to 
assist our understanding of how things work (Muncer & Ling, 2006). 
Empathising and systemising abilities could be loosely referred to as ‘people 
people’ and ‘things people’ respectively (Badcock & Crespi, 2008, p.1055).
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In terms of how empathising and systemising are quantified in the lab; 
usually, cognitive task paradigms that involve theory of mind (ToM) or false 
belief tasks are used as proxies to measure empathising abilities (Baron- 
Cohen et al., 2001). Whereas tasks involving spatial awareness, mental 
rotation, folk physics and global versus local processing (such as the EFT) 
are often employed to measure systemising ability (Vandenberg & Kuse, 
1978; Linn & Petersen, 1985; Parsons et al., 2004).
3.2 The evolution of empathising and systemising
The E-S theory posits that females are hardwired to empathise and males 
are hardwired to systemise; that our biology distinguishes between male and 
female. This drive subsequently produces differences between the sexes in 
brain anatomy and structure, as well as sex specific cognitive and 
behavioural characteristics (Baron-Cohen et al., 2001, 2003; Baron-Cohen, 
2003).
However, interestingly, in terms of the underpinning of these apparent innate 
sex differences, the E-S theory hypothesises that sex differences have 
become hardwired through a process of brain plasticity, as a responsive 
adaptation to historical social gender roles (Baron-Cohen, 2003). Recent 
research suggests that there is now ample evidence to suggest that brain 
plasticity differs between the sexes, and that specifically, males are ‘more 
susceptible...to perturbations in genes involved in synaptic plasticity’ which 
indicates involvement of brain plasticity in male bias disorders such as ASD 
(Mottron et al., 2015, p.1). This suggests that evolution has the ability to 
reflect social norms and gender roles, and as a response has advanced the
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higher order mental processes associated with these roles. Thus, females 
have evolved to be more empathic based on their historical social gender 
role as the caregiver, whereas males have evolved to have an advanced 
understanding of systemising phenomena based on the hunter-gatherer 
gender role (Baron-Cohen, 2003).
3.3. Support for the E-S theory
Studies using the EQ (Baron-Cohen & Wheelwright, 2004) and SQ 
(Wakabayashi et al., 2006) (appendix 1 & 2), (self-report inventories 
developed specifically to measure these traits), have shown support for the 
principles of the E-S theory (Goldenfeld et al., 2005; Baron-Cohen, 2008; 
Barbeau et al., 2009). Males tend to score higher on the self-report 
systemising quotient (SQ) (Baron-Cohen et al., 2003) and lower on the 
empathising quotient (EQ) (Baron-Cohen & Wheelwright, 2004) than 
females, and likewise, females score higher on the EQ and lower on the SQ 
than males (Baron-Cohen et al., 2004). Generally, empathising and 
systemising abilities have been found to negatively (though very weakly) 
correlate, suggesting that they are independent, yet related mechanisms, 
implying a trade-off relationship between the two processes (Baron-Cohen et 
al., 2003; Baron-Cohen & Wheelwright, 2004; Golan et al., 2006; 
Wheelwright et al., 2006; Focquaert et al., 2007; Bronsan et al., 2010; Von 
Horn et al., 2010). Significantly, the notion of this trade-off is the most 
important concept of the E-S theory. It is the fundamental presumption that 
the theory is built upon. Interestingly, very little research has investigated this 
assumption (Chapter 10 of this thesis investigates this).
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In addition, studies employing psychometric tests to directly measure these 
abilities also support the principles of the E-S theory, (Goldstein et al., 1998; 
Cook & Saucier, 2010; Chou et al., 2011). Suggesting (as previously referred 
to in Chapter 2), that females tend to demonstrate a subtle advantage in 
emotional memory, ToM, verbal fluency and executive functions (Voyer et al., 
1995; Baron-Cohen et al., 1997; Goldstein et al., 1998; Cook & Saucier, 
2010; Chou et al., 2011). Whereas males perform better on spatial tests, 
such as the mental rotation task (MROT) and navigational or mathematical 
tests (Voyer et al., 1995; Baron-Cohen et al., 1997; Goldstein et al., 1998; 
Cook & Saucier, 2010; Chou et al., 2011). However, it is important to point 
out that whilst there is a wealth of evidence for sex differences in cognitive 
ability, as offered previously, these cognitive biases differ more within 
genders as they do between genders (Hyde, 2007; Neave & O’Connor,
2008).
3.4 Brain types
Central to the concept of the E-S theory and previously introduced in section
1.1 of this thesis (also see Figure 1 in Chapter 1), is the idea of ‘brain types’. 
To briefly recap; at one extreme end of the continuum, is the EMB profile, 
where individuals present cognitively with greatly advanced systemising 
abilities, alongside severe deficit in empathic ability (S »E ), to the point 
where empathic ability is all but absent. It is here where the E-S theory infers 
that a neuropathological consequence of these extreme biases towards the 
‘male’ cognition will be the manifestation of ASD (Baron-Cohen, 2002). 
Continuing back towards the centre of the continuum is the type S brain,
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which demonstrates a subtle advantage in systemising over empathising 
(S>E), some autistic traits may be evident, but not clinically relevant. In the 
middle of the continuum is the balanced brain (E=S), where systemising and 
empathising abilities are equal; the brain type which the majority of the 
population will fall into (Baron-Cohen, 2003). Towards the opposing end of 
the continuum is the type E brain (E>S), which demonstrates subtle 
advantage in empathic ability alongside slightly less ability in systemising. 
Further along the continuum is the EFB (E »S ), a profile which presents with 
far advanced empathic ability alongside minimal to absent systemising 
aptitude (Baron-Cohen, 2011). There is no known pathological consequence 
which occurs here.
3.5 Biological determinants of the E-S theory
As discussed in section 2.4 of Chapter 2, level of exposure to fT during 
neurodevelopment has an organising effect on the brain (Auyeung et al., 
2009, 2011; Baron-Cohen et al., 2005). The amount of fT is associated with 
the expression of male typical behaviours (Neave & O’Conner, 2008) and 
has been shown to positively correlate with enhanced systemising abilities in 
general populations (Connellan et al., 2001; Lutchmaya et al., 2002; Baron- 
Cohen et al., 2004; Hines, 2010; Whitehouse et al., 2010). According to the 
E-S theory, level of fT expression is the determining factor in the 
manifestation of ‘brain types’, not biological sex (Baron-Cohen, 2003). 
Pertinent to the discussion here is the condition Congential Adrenal 
Hyperplasia (CAH). CAH occurs when a female foetus is exposed to higher 
levels of prenatal testosterone. Because of this, masculinisation of the body
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occurs and ‘male’ typical behaviours are observed (Neave & O’Conner,
2008) . Therefore, we can deduce that IT is the driving force in the 
manifestation of sex differences, regardless of biological gender. CAH shows 
a lower (masculinised) digit ratio (2D:4D method) (Brown et al., 2002; Putz et 
al., 2004; Galis et al., 2010), demonstrating a direct effect of sex hormone 
dysregulation on neurodevelopment, irrespective of biological sex (Servin et 
al., 2003; van der Beek et al., 2004). Returning to the digit ratio as mentioned 
above, this is a popular (Voracek & Dressier, 2007) yet contentious (Voracek,
2009) method which is used as a proxy to measure the levels of exposure to 
fT, which is thought to be a probable biomarker for the levels of prenatal 
testosterone in the brain (Manning, 2002). Apparently, the level of prenatal 
testosterone influences the growth of the forth digit (ring finger) during early 
development, more specifically, between the 8th and 14th week of gestation 
(Gooding et al., 2010), whilst prenatal oestrogen influences the growth of the 
second digit (index finger), for reasons not yet understood (von Horn et al.,
2010) . In the lab, measurements are taken for the difference between the 
second and fourth digit and this figure is representative of the 2D:4D 
measurement. Research suggests that higher levels of exposure to fT results 
in a low or masculinised digit ratio and lower exposure, results in a higher or 
feminised digit ratio (Fink et al., 2006; Lutchmaya et al., 2004). Males 
generally have a low (masculinised) and females a higher (feminised) digit 
ratio (Lutchmaya et al 2004; Putz et al 2004; Voracek 2008; Barbeau et al 
2009). Correlations between the 2D:4D method and E-S theory have been 
found, in that lower empathising has been associated with higher digit ratio 
(Skuse, 2009; Baron-Cohen, 2009; Jones & Lesk, 2013) and systemising,
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with lower digit ratio, in the general population (Baron-Cohen et al., 2004; 
Auyeung et al., 2006; Baron-Cohen, 2009; Manning et al., 2010; 
Wakabayashi & Nakazawa, 2010), following the predictions of the E-S 
theory. However, this pattern is not always supported and other research 
offers inconsistent results (see Manning, et al., 2010; von Horn et al., 2010; 
Voracek & Dressier, 2006; Falter et al., 2008). Although, whilst the E-S 
theory can boast support from these findings, there is suggestion that the 
2D:4D method is far too in-direct and its’ aetiology is too poorly understood to 
be a validated measure of FT levels (Baron-Cohen et al., 2009), therefore 
studies involving direct measures of testosterone are preferred.
3.6 Neuroanatomical support
Generally, the majority of support for the principles of the E-S theory has 
been derived from behavioural data (Baron-Cohen et al., 2001; Baron-Cohen 
et al., 2003; Baron-Cohen & Wheelwright, 2004). However, a few recent 
studies have furthered the knowledge pertaining to the brain basis of both 
empathising and systemising. Whilst much more research is required, 
interesting findings have been yielded. For instance, in a study investigating 
cortical activation in relation to systemising, Billington et al, (2008) concluded 
that increased activation in the parietal and extrastriate visual cortices and 
the lateral prefrontal cortex, was correlated with higher SQ score and 
enhanced performance on the Navon task, (a task which measures 
systemising ability). From this, it can be inferred that enhanced systemising 
ability is related to enhanced activation in these brain areas. Furthermore, 
neuroimaging studies have begun to shed light on the structure - function
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relationship between the E-S model and areas of the brain. Takeuchi, et al. 
(2013) employed voxel-based morphometry and reported that empathising 
ability was positivity correlated with regional white matter volume (rWMV) and 
systemising was negatively correlated with rWMV in the right inferior parietal 
lobule and temporoparietal junction. Takeuchi, et al. (2013) also found 
support for greater mirror neurone (MN) activity associated with empathising. 
They also claim that their results demonstrate the first imaging support for the 
trade-off relationship between empathising and systemising -  a concept that 
is as yet unresolved (Andrew et al., 2006). In another study, Jack et al. 
(2013) reports an fMRI study, which suggests that there is a significant 
relationship between the two brain networks that control spatial and social 
cognition. In that, whilst completing psychological tasks associated with 
social and spatial cognition, a reciprocal suppression of brain networks was 
apparent. For instance, when participants were completing problem-solving 
tasks, the introduction of a task involving social cognition deactivated the 
network used for completion of the non-social spatial task, and vice versa. 
Jack et al. (2013) concluded that this provides evidence that it is difficult for 
these two networks to work together simultaneously.
In terms of the brain basis of empathising, several important brain regions 
have been implicated, specifically, the orbito and medial frontal cortex, 
superior temporal sulcus and the amygdala (Baron-Cohen & Ring, 1994; 
Frith & Frith, 1999; Baron-Cohen et al., 1999, 2000). Interestingly, the brain 
basis of systemising remains to be studied in-depth (Baron-Cohen et al., 
2003). Therefore, this area remains severely underdeveloped (Dinsdale et 
al., 2016). However, Baron-Cohen (2009) suggests that if the brain basis of
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both empathising and systemising were fully established, the E-S theory of 
sex differences would be difficult to discount.
3.6.1 Mirror neuron system
Here, it is important to consider the potential role of the human mirror neuron 
system (hMNS) in relation to the E-S theory. Frith and Frith (2010) suggest 
that the hMNS is the brain basis of empathic understanding. Originally 
observed in macaque monkeys (Gallese et al., 1996; Rizzolatti et al., 1996; 
Rizzolatti & Craighero, 2004), mirror neurons (MN) are a system of neurons 
which respond when an action is carried out and also when a similar goal 
orientated action is performed by another person (Williams et al., 2001). This 
system has provided an interesting basis for understanding social behaviours 
such as imitation and empathy (lacobona & Dapretto 2006) (see Hamiliton et 
al. [2007] for review of hMNS in relation to empathic processing). In relation 
to the E-S theory, it would be hypothesised that the hMNS would show 
greater activity in the type E brain. Cheug et al. (2009) offers in-direct support 
for this hypothesis, using voxel-based morphometry analysis. Cheug et al. 
(2009) studied the underlying neuroanatomical mechanisms of MNs, 
synchronised with self-reports of empathy dispositions. Findings were 
suggestive of more activation in the female hMNS in relation to empathy 
(Cheug et al., 2009) providing support for this association. In addition, a 
study by Schulte-Ruther et al. (2008) also indirectly supports the E-S theory. 
During a functional magnetic resonance imaging (fMRI) study of males and 
females involved in an empathy task, involving emotion (expressed through 
facial expressions), activation of the regions involving the hMNS (in particular
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the inferior frontal gyrus and Brodman’s areas 44/45) was seen in both 
sexes, yet stronger activation was found in females (Schulte- Ruther et al., 
2008), supportive of the involvement of the hMNS in empathic processes.
3.7 Considerations
Baron-Cohen (2003) attributes the process of innate sex differences to 
evolutionary brain plasticity which has responded to historical socialisation 
roles, a notion that is reasonable to theorise yet unresolved. Whilst Baron- 
Cohen presents a persuasive argument for gendered brains, the basis on 
which this theory was derived is in need of scrutiny. For instance, Baron- 
Cohen suggests that there is ‘evidence beyond reasonable doubt’ that males 
and females are predisposed to sex differences, a discovery that (he 
suggests) is found in an influential study by Connellan et al (2000). Connellan 
et al. (2000) report that new-born male babies focus for longer on physical- 
mechanical objects rather than social objects (e.g., faces), compared to new­
born females. This led the researchers to conclude that male and female 
brains are innately gendered as this method eliminated any form of 
socialisation. Whilst these results are interesting, it seems reasonable to 
consider that these findings alone do not provide enough evidence of innately 
gendered brains. For instance, some academics have highlighted that 
Connellan’s et al. (2000) study is fraught with methodological issues. For 
instance, Nash and Grossi (2007) suggest that it is unclear as to whether or 
not new-borns are able to pay attention for sustained periods. Also, the social 
stimuli used in the study was the researcher’s face in real time, whereas the 
mechanical stimuli were placed on a mobile over the child’s cot. It seems
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logical to suggest that attention paid to the appearance of a real life person is 
not comparable to attention paid to inanimate objects. Further to this, the 
babies were tested in different settings; in some instances, the babies were 
tested whilst laying in their cots, in other instances they were placed on their 
parents’ laps (Nash & Grossi, 2007). Considering these factors, it is 
reasonable to suggests the authors may have overstated the significance of 
these findings, especially since these results have not been replicated in 
humans (although there is some evidence to support the notion of innately 
gendered brains without socialisation from research with primates [Hassett et 
al., 2008; Simpson et al., 2016]) and seemingly lack the principles of 
controlled scientific enquiry. It seems at times that Baron-Cohen’s theories 
may slip into the dangerous territory of offering inflated statements. Further 
research is required to strengthen the fundamental principles of the E-S 
theory.
However, considering the principles of the E-S theory, that females are 
hardwired to empathise, whereas males are hardwired to systemise (Baron- 
Cohen, 2003); what is important to note here is that, when referring to these 
‘innate’ abilities, what is being referred to are biological components. Whilst 
these biological components are determinants, it must be recognised they 
are also susceptible to environmental influence, they are not unchangeable, 
but instead develop within, and change according to the environment; a 
plasticity which remains into old age (Halpern et al., 2007). Baron-Cohen 
(2009) is often accused of been a biological determinist, however he offers a 
rebuttal; instead he insists that these cognitive profiles have a neurobiological 
determinism, which are not determined by sex per se, but the level of
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exposure to androgen levels in utero (Auyeung et al., 2009). Therefore, 
although a person’s biological sex is not a determinant of their cognitive 
profile, instead, it is simply a good indicator when dealing in statistical 
averages. As it happens, statistically, women show greater empathising 
tendencies and men show greater systemising abilities on average (Baron- 
Cohen, 2003). All the E-S theory is really claiming, is that cognition can be 
grouped by two main styles - empathising and systemising, irrespective of 
biological sex and based on level of exposure to fT (Baron-Cohen, 2003). 
This point is illustrated by the condition CAH (described in section 3.5) which 
occurs when a female foetus is exposed to very high levels of prenatal 
testosterone and subsequently presents with masculinisation and 
defeminisation, regardless of biological sex.
Whilst this thesis accepts the support offered in terms of the principles of the 
E-S theory, it takes the position that it is equally important to remember when 
considering the E-S theory, that sex differences seen in the healthy 
population amount seldom to more than a half a standard deviation (Weiss et 
al., 2003). Realistically, differences in cognitive abilities differ more within 
genders as they do between genders (Hyde 2007; Leonard et al., 2008). Yet, 
at the same time, statistically sex differences do exist, albeit very subtly. 
However, the pertinent question remains; could sex differences be important 
in helping explain certain neurodevelopmental disorders, specifically those 
that may relate to the EFB profile.
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3.8 Chapter summary
This chapter has introduced the E-S theory (Baron-Cohen, 2003) - one of the 
primary theories which this thesis investigates. It has discussed the principles 
of the theory in relation to the idea that our brains can be gendered. This 
‘gendering’ is based on our innate aptitudes for empathising and systemising 
abilities, which are manifest as a result of the level of fT the brain has been 
exposure to. This chapter also considered the support derived for the E-S 
theory in terms of behavioural data and neuroimaging research. The chapter 
concluded with the premise that the E-S theory may be able to explain how 
sex differences are implicated in neuropsychological disorder. A gap in the 
knowledge when considering the feminised profile (and the primary aim of 
this thesis), yet the highly masculinised brain profile has been widely 
researched; therefore, the following chapter moves on to introduce the EMB 
theory of ASD (Baron-Cohen, 2002).
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Chapter 4
The extreme male brain theory of autism spectrum
disorder
4.1 Introduction
The E-S theory (Chapter 3) was derived from the observation that ASD 
presents cognitively as the extreme of male typical behaviours (Baron- 
Cohen, 2002). The EMB has come a long way in advancing the knowledge 
pertaining to the role of sex differences in psychopathology (Dinsdale et al., 
2016). In that, autistic individuals tend to demonstrate exemplar ability in 
systemising, alongside substantial deficits in empathising cognition -  an 
extreme presentation of male typical behaviours (Baron-Cohen, 2002). This 
observation allowed Baron-Cohen (2002) to infer that there is clearly a link 
between biological sex and ASD. For instance, the prevalence of ASD 
according to biological sex is approximately 4.3:1 (Fombonne, 2007) and 
this, along with the extreme expression of masculinisation in ASD according 
to Baron-Cohen (2003), is nature’s way of providing neuroscience with its 
biggest clue as to the elusive aetiology of ASD (Baron-Cohen, 2003).
4.2 Autism spectrum disorder
Often diagnosed in childhood, ASD (which includes Asperger’s syndrome 
[Crespi et al., 2016]) is categorised as a neurodevelopmental disorder 
(Romano et al., 2016), mainly characterised by a tendency to partake in 
restricted repetitive behaviour, alongside difficultly with social intelligence and
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communication (Rivet & Matson, 2011). There is no understood 
neuropathology of ASD, but it is recognised as a complex, genetically 
heterogeneous condition, which has a strong male bias in prevalence with 
males four times more likely to be diagnosed (Stogell et al., 2001; 
Constantino & Todd, 2003). However, interestingly, females are most 
severely affected (Crespi et al., 2016) (this observation is discussed in detail 
in the following chapter). Wing (1981) reports a more detailed investigation 
into sex and the prevalence of ASD and concludes that, in ASD with learning 
difficulties there is a significant but lower 2:1 male to female ratio, however, in 
higher functioning ASD including Asperger’s syndrome, males are 15 times 
more likely to have a diagnosis compared to females.
The autistic individual finds social communication difficult and often finds 
social situations impossible to comprehend (Larson et al., 2015). ToM deficit 
is the most recognisable difficulty in ASD, but delays in language 
development are also often present (Baird et al., 2006) (although this is not 
always the case in Asperger’s syndrome), along with empathising and 
imagination difficulties, often resulting in social withdrawal (Baron-Cohen, 
2002; Crespi et al., 2016). In addition, the autistic individual shows unusually 
narrow interests, obsessive repetitive behaviour and a preference for (and 
sometimes savant skills1) in systemising ability (Del Giudice et al., 2010). Del 
Guidice et al. (2010) offer an overview of ASD from the perspective of the 
advantages ASD involves. For instance, they highlight that advanced
1 The autistic savant is an individual who presents with low-level intelligence, but shows 
genius level intelligence in specific subjects such as memory ability or mathematics 
(Fitzgerald, 2010).
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abilities that are usually observed in ASD, such as systemising behaviours, 
can greatly help the ASD individual to be highly successful in pursuit of their 
interests, ultimately leading to the development of extremely useful novel 
skills, despite difficulties in other areas of intelligence. There is no readily 
accepted treatment of ASD, however the usual support that a ASD individual 
may receive is educational support, alongside occupational therapy and 
speech and language therapy (NHS, 2016b).
ASD exists on spectra of severity, including Asperger’s syndrome (which 
presents with above average intelligence and normal language development 
however the autistic difficulty in social intelligence is usually observable 
[Geschwind, 2011]) The spectrum nature of ASD infers that ASD ‘traits’ are 
evident in non-clinical populations. These traits are subtle and not clinically 
relevant as they require no medical intervention, but nevertheless are 
quantifiable in the healthy populations (Constantino & Todd, 2003; Posserud 
et al., 2006; Baron-Cohen, 2011).
4.3 The extreme male brain
The EMB theory of ASD (Baron-Cohen, 2002) has been well received and 
has strong empirical support (Baron-Cohen et al., 2014). Its strength is in 
offering a more comprehensive explanation of autistic behaviour than 
previous accounts, such as the weak central coherence theory (Frith, 1989) 
and the ‘mindblindness’ theory (Baron-Cohen et al., 1985; Baron-Cohen, 
1995) (Baron-Cohen et al., 2003). This is because it can explain reduced
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ToM abilities whilst accounting for observable above average systemising 
abilities (Klin, 2009).
At a psychological level, the EMB theory infers that autistic individuals will 
score low on the empathising and high on the systemising ability (Baron- 
Cohen, 2009) -  and research supports this postulation (Baron-Cohen et al., 
2003; Baron-Cohen & Wheelwright, 2004). On tests of social cognition, 
people with ASD consistently perform worse than controls (Baron-Cohen et 
al., 1997; Baron-Cohen et al., 2001), but perform significantly better on tasks 
of spatial ability (Jolliffe & Baron-Cohen, 1997; Baron-Cohen et al., 1999), 
supportive of the notion that ASD presents as a masculinised profile. 
Neurologically, there are interesting, supportive findings. The regions of the 
brain, which are on average smaller in males than females namely, the 
anterior cingulate, superior temporal gyrus, prefontal cortex and thalamus, 
are even smaller in autistics individuals, regardless of biological sex (Bauman 
& Kemper, 2005). In addition, regions that present as larger in males, 
namely, the amygdala, cerebellum, and the overall cortex, are larger still in 
ASD individuals (Baron-Cohen et al., 2005). In addition, ASD shows greatly 
reduced MN activation (Williams et al., 2001; Oberman et al., 2005; Theoret 
et al., 2005; Dapretto et al., 2006; Bernier et al., 2007) and higher levels of fT 
(Baron-Cohen, 2002; Lutchmaya et al., 2002; Auyueng et al., 2009; Barbeau 
et al., 2009; Auyueng et al., 2010; Gooding et al., 2010). These findings are 
not only suggestive of support for Baron-Cohen’s (2003) claim that biological 
sex is not a determinant of brain gender or pathology, only a predictor, they
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also suggest that sex differences in the brain can account for the 
manifestation of pathology in the masculinised profile.
4.3.1 The extreme female brain
The notion that sex differences at extreme levels can influence the 
manifestation of pathology (as in the case of the EMB theory of ASD), begs 
the question of the greatly under researched potential pathological 
consequence of a feminised profile.
Baron-Cohen (2003) posits that the opposing end of the E-S continuum, the 
EFB, will most likely be void of pathology, for two major reasons. Firstly, 
there is no diagnosable pathology that is fitting with a highly advanced 
empathising ability alongside a severe deficit in systemising ability (Baron- 
Cohen, 2003). Secondly, it would be much easier for the EFB individual to 
compensate for reduced systemising abilities in modern society with 
advanced technological aids that make the intuitive ability to systemise 
somewhat redundant (Baron-Cohen, 2003; Larson et al., 2015). Therefore, 
perhaps these profiles are less easy to observe. Furthermore, advanced 
empathising would likely present as a great advantage, affecting daily living 
in a positive way, rather than contributing to any observable deficit.
However, a novel hypothesis from the field of genetic research has prompted 
the question of whether schizophrenia would be a fitting pathology for the 
EFB profile; in that, they suggest ASD and schizophrenia are one disorder 
that presents diametrically in relation to social brain dysfunction (Badcock &
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Crespi, 2006). This thesis now moves on to discuss this hypothesis in detail 
in the final introductory chapter, before moving on to report a series of 
experimental studies that aimed to explore this hypothesis.
4.4 Chapter summary
This chapter has introduced the concept of the EMB, a brain type on the E-S 
theory continuum, which presents cognitively with a severe deficit in 
empathising ability alongside a greatly advanced preference for systemising. 
It has discussed the research that has supported the notion that ASD can be 
accurately characterised by a masculinised profile at an extreme level. The 
chapter concludes with discussion of the EFB concept, and how the 
observation of pathology because of a masculinised brain profile, begs the 
question of possible pathology of the extreme feminised profile. The next 
chapter introduces the IBT (Badcock & Crespi, 2006), a model which may 
provide an accurate characterisation of the EFB.
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Chapter 5
The imprinted brain theory
5.1 Introduction
The IBT (Badcock & Crespi, 2006) considers genetics, neurology and 
psychology to propose a model of sex differences in cognition that claim to 
explain the manifestation of both ASD and schizophrenia, determined by the 
organising effects of gene imprinting bias (Palkhivala, 2009).
An in-direct attempt to address the characteristics of the EFB (the main 
question of this thesis) can be inferred from Badcock & Crespi (2006,2008). 
They suggest that ASD and schizophrenia exist as related components at the 
extreme ends of a continuum (see Figure 3), with clinical diagnosis of ASD 
and schizophrenia at the extremes, along with the healthy population falling 
at different points along the continuum.
ASD *■ *  SSD
Effects o f 
paternal gene 
expression C f
Balanced
Brains
Effects o f 
m aternal gene 
expression
Fig. 3: the IBT model
Attributing their hypothesis largely to a complex ‘tug of war’ (Smit, 2010) in 
genomic imprinting, Badcock & Crespi (2008) hypothesise that a bias toward
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either maternal or paternal gene expression during brain development results 
in a gendered brain. They conjecture that the hyper-development of social 
cognition as seen in the positive symptoms of schizophrenia (such as over 
attribution of the intentions of others, hallucinations or delusional episodes 
[Mason & Claridge, 2005; Lindenfors et al., 2007; Abu-Akel, 2008; Thakkar 
et al., 2008; Crespi, 2010]), may be the diametric opposite of the hypo- 
developed social brain (the inability to attribute intentions of others, lack of 
ToM [Baron-Cohen, 2002; Frith, 2004]) which is observable in ASD (Badcock 
& Crespi, 2008).
5.2 Overview of schizophrenia
Like ASD, schizophrenia is a heterogeneous condition (Lindsberg et al., 
2009) where symptoms and behaviours exist on a continuum of severity 
(Binbay et al., 2011). However, it is different from ASD in one major way, in 
that onset is usually in early adulthood rather than childhood (Saha et al., 
2005). Cadenhead & Braff (1999) offer that central to the schizophrenia 
concept are ‘disorders of inhibitory control of attention’ (p.231). Whilst a 
number of theories have been offered to explain the condition, increasingly, 
schizophrenia is thought of as a neurodevelopmental disorder, where brain 
organisation has been altered or subject to disruption before the expression 
of symptoms (Sowell et al., 2000).
Whilst schizophrenia exists at the extreme end of the ASD -  schizophrenia 
continuum, schizotypy traits taper back along the continuum to exist in the 
general population (Cochrane et al., 2010; Ettinger et al., 2011). The current 
diagnostic thinking on schizophrenia, including at trait level, is that it is
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multidimensional, in that a person may present with a certain group of 
symptoms which can be broadly categorised as positive, negative or 
disorganised schizophrenia (Fonseca- Pedrero et al., 2008).
Positive symptoms refer to the episodic experience of paranoid ideation, 
delusions and hallucinations (Steel et al., 2007). Negative schizophrenia 
refers to the tendency to be socially isolated, experience high anxiety and 
lack emotional expression (Del Giudice et al., 2010). Whereas disorganised 
(sometimes termed hebephrenia) can refer to a plethora of symptoms (see 
Shorter et al., 2010) including incoherent speech (Stanford et al., 2011), 
eccentric behaviours (Daly et al., 2012), impairments on tasks of attention, 
working memory and verbal fluency, alongside lack of emotional expression 
(Minzenberg et al., 2003).
Interestingly, in terms of sex differences, some studies report no difference in 
prevalence rates between the genders (Hambrecht et al., 1994; Saha et al., 
2005). However, others report that males are more likely than females to be 
diagnosed with schizophrenia (McGarth et al., 2004; McGarth, 2005). 
Interestingly, whilst gender prevalence in dimensional schizophrenia is less 
researched (Ochoa et al., 2012), males have been found to experience 
negative symptoms of schizophrenia more severely than females and score 
greater on levels of negative symptoms compared to females (Shtasel et al., 
1992; Cowell et a., 1996; Galderisi et al., 2012). On the other hand, females 
have been found to show higher prevalence of positive symptoms than males 
(Andia et al., 1995; Morgan et al., 2008). The last notion is supportive of the
51
IBT conception that it is likely the positive expressions of schizophrenia are 
linked with a feminised profile.
5.3 Support for the imprinted brain theory
Support for the notion of the ASD - schizophrenia continuum is derived from 
studies which have shown that, by manipulating the expression of imprinted 
genes to a maternal or paternal bias in the mouse brain, structures of the 
limbic system and the neo-cortex develop differently (Keverne et al., 1996). 
Badcock and Crespi (2006) offer a comprehensive review of the factors 
which they believe support their hypothesis of the IBT; the main observation 
is that schizophrenia is associated with underdevelopment in childhood in 
terms of a smaller cortex and brain size. Whereas in ASD, the exact opposite 
trend is evident; heavier in birth weight and larger cortex and brain size, 
supporting diametric observations.
The IBT hypothesises that ASD is a male dominated disorder (Badcock & 
Crespi, 2008). Therefore, if the IBT is accurate, then schizophrenia should 
theoretically be female dominant. However, it is not, in fact as referred to 
previously, it is male biased (Aleman et al., 2003). To address this Badcock & 
Crespi (2008) propose it is specifically the positive symptoms of 
schizophrenia which present as the diametric opposite of ASD and 
interestingly, in support of this statement, a female bias is consistently found 
in positive schizophrenic samples (Leung & Chue, 2000; Smit, 2010).
At a psychological level, ToM deficits are evident in both ASD and 
schizophrenia (de Achaval et al., 2010; Fett et al., 2010; Lysaker et al., 2010; 
Mehl et al., 2010). However, interestingly, these ToM deficits are most
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evident in negative, not positive schizophrenia (Roncone et al., 2000; Mazza 
et al., 2001; Langdon et al., 2002; Frith, 2004; Greig et al., 2004; Brune, 
2005; Kim et al., 2011), fitting with the IBT hypothesis of the diametric 
expression. Studies of MN activity in psychosis have concluded that the MN 
system in ASD is underdeveloped, however, the MN system in schizophrenia 
has been found to be dysregulated and in some cases overactive compared 
to controls, indicating a different type (maybe, diametric) of ToM abnormality 
(Aleman & Kahn, 2005; Quintana et al., 2005; van Rijn et al., 2005).
Importantly, Badcock & Crespi’s (2006) hypothesis predicts that the healthy 
schizotypy (trait level schizophrenia) will demonstrate enhanced accurate 
ToM abilities. It is when schizotypy becomes clinical that ToM will be so 
hyper-developed that it becomes an inaccurate over-interpretation of the 
mental states of others (e.g. paranoia). As discussed in Chapter 4, ASD is 
most severe in females (Roman et al., 2016), and fascinatingly, 
schizophrenia is most severe in males (Badcock & Crespi, 2006). Badcock & 
Crespi’s (2006) explanation for this is because of the complex conflict which 
occurs when the direction of gene expression opposes the influences of 
biological sex, resulting in a severe manifestation of either disorder (a notion 
that requires further investigation).
Support also comes from studies which have found that schizophrenia in 
parents has shown to be a significant predictor of ASD in offspring (Larsson 
et al., 2005; Daniels et al., 2008; King & Lord, 2011), suggestive of some 
type of link between the two phenomena. Regardless of these intriguing 
indicators of ASD and schizophrenia as diametric opposites, the strongest
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support for the IBT continuum is derived from research which suggests that, 
in conditions where genomic imprinting is a factor, ASD and schizophrenia 
tendencies are more prominent (Badcock & Crespi, 2006; Cohen et al., 
2005). For instance, children with Angelman syndrome2 demonstrate ASD 
traits and sometimes (in a small number of cases [NHS, 2016]) the disorder 
is the result of paternal bias in expressed genes on chromosome 15 
(Badcock & Crespi, 2006). Angelman syndrome is implicated by alterations to 
the maternally expressed gene UBE3A (in 70% of cases [NHS, 2016]) which 
is also believed to be a risk factor for ASD (Badcock & Crespi, 2006). 
Similarly, support comes from Prader-Willi syndrome3 (PWS), a disorder 
which is caused by maternally biased expression on chromosome 15q11 -q13 
(Dykens et al., 2011), interestingly, PWS has found to be a strong predictor 
of later development of psychosis (Verhoeven et al., 2003).
A small number of studies have investigated the claims of the IBT at a 
behavioural level and found contradictory results. For instance, Brosnan, et 
al. (2010) found that in a sample of 70 female undergraduates, higher levels 
of self-report schizotypy traits were associated with self-report profiles of 
hyper-empathising and hypo-systemising. Further, Russell-Smith et al.
2 Angelman syndrome is a disorder based in genetics (where the gene UBE3A is absent or 
malfunctions -  in 70% of angelman syndrome cases, the maternal gene is absent) which 
affects physical and intellectual abilities. Usually diagnosable around 6-18 months of life, 
symptoms include abnormal levels of smiling or laughing and excitability, short attention 
span, problems with sleep and an unusual fascination with water. Problems with ataxia are 
also present along with strabismus and scoliosis, and seizures can be commonplace (NHS, 
2016a).
3 Prader-Willi syndrome, a rare genetic disorder, characterised by hypotonia, hypogonadism, 
obesity and endocrine glad dysfunction, causes problems with social and emotional 
development (PWSA, 2016). In addition, a permanent feeling of hunger is present, alongside 
restricted growth patterns and general learning difficulties (NHS, 2014).
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(2013) investigated the E-S theory in relation to ASD and positive psychosis 
in a student sample, using self-report and behavioural measures and found 
no support for the notion that ASD and psychosis are diametrically opposed 
in empathising and systemising. However, Russell-Smith, et al. (2010) found 
that people reporting higher levels of psychosis traits were slower at 
identifying embedded figures on the embedded figures task (EFT) (see 
section 6.3.2.2), supporting the IBT notion that psychosis traits are 
associated with the lesser ability to systemise. These are the only studies as 
far as the research is aware which have directly investigated the EFB and its 
relationship with psychosis and they are limited in their findings. For instance, 
Brosnan et al. (2010) only employed self-report measures of empathising and 
systemising, therefore it could be argued that all that was measured was a 
person’s opinion of their ability rather than their actual ability.
5.4 Characterising the EFB with schizophrenia
To recap, the EFB profile is one which is highly attune in empathie ability, 
alongside a significant deficit in systemising understanding (Baron-Cohen, 
2003). There has been a dearth of research pertaining to the pathological 
consequence of the EFB; however, the IBT may offer an indirect 
characterisation.
The E-S theory and IBT significantly differ in two main ways; firstly, the E-S 
theory attributes the manifestation of sex differences to the level of exposure 
to fT, where greater levels of fT influence masculinisation and lower levels, 
féminisation (Baron-Cohen, 2003). Whereas the IBT theorises that imbalance
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in genetic imprinting is the driving cause of sex differences and subsequent 
pathology at extreme levels (Badcock & Crespi, 2006). The second 
differentiation between the theories is in their explanation of the result of a 
highly feminised profile. The IBT suggests that schizophrenic traits would be 
fitting with what might occur in a cognition that has been subject to an 
extreme level of maternal bias (Badcock & Crespi, 2006). On the other hand, 
the E-S theory postulates that the EFB cannot possibly exist as a 
pathological manifestation of any known neurodevelopmental disorder, 
because no known disorder is fitting with the characterisation of the EFB 
(Baron-Cohen, 2003). Critics of the E-S theory suggest the lack of attention 
to the EFB is disappointing; suggesting it is a logical, plausible brain type, 
and questions why the E-S continuum does not attribute the same level of 
neuropathological consequence to the EFB as it attributes to the EMB (Ellis, 
2005). Instead, it supposes the EFB will be, ‘hyper sensitive’ to empathising, 
but showing no clinical symptomology.
Baron-Cohen’s (2002) partial reasoning for suggesting a clinical condition 
cannot be characterised as the EFB, is that, to fall within the predictions of 
the entire E-S continuum, hyper-empathising would have to be accompanied 
by hypo-systemising or ‘systemblindness’- d irectly opposite to the 
principles o f the EMB. Baron-Cohen (2003) argues that whilst systemising 
ability would be non-existent for the EFB, the EFB profile would correctly 
apply ToM ability to a highly accurate degree and no disorder (that is 
currently known) presents this way. The IBT responds with the postulation 
that because empathising (or to use the IBT’s terminology; ‘mentalising’) is of 
such great intuitive ability, mentalising others emotions becomes so over­
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inferred that it becomes inaccurate (Badcock & Crespi, 2006), which is fitting 
with positive symptoms of schizophrenia.
5.5 Chapter summary
Significantly, this chapter has presented the argument that sex differences 
that establish a feminised brain profile are likely to be implicated in 
pathological consequence, namely schizophrenia. There are clear links 
between the E-S theory and the IBT. For instance, both accounts, regardless 
of their different aetiological presumptions, argue that the whole population 
can be placed on a continuum of cognitive profiles with clinically relevant 
ASD at one extreme. Therefore, it is reasonable to suggest an association 
between schizophrenia and the EFB profile.
This thesis, through a series of experimental studies, investigates this 
important gap in the literature, using a variety of experimental paradigms. 
The following five chapters present studies that have investigated this 
possible link. Chapter 6 is presented next; it aimed to discover if cognitive 
markers, other than empathising and systemising can predict a person’s 
place on the E-S continuum. This hypothesis is based on the speculation that 
episodic memory ability will be reduced in higher empathisers due to the link 
between schizophrenia and source monitoring error.
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Chapter 6
Associative memory and source monitoring in relation to 
empathising and systemising: a two-part study4
6.1 Introduction
This first experimental chapter reports a study that aimed to investigate 
whether or not performance on episodic memory tasks can be a significant 
cognitive marker on the E-S continuum (Baron-Cohen, 2003). This 
exploration not only aimed to widen the knowledge pertaining to the overall 
E-S continuum and be applicable to the broader topic of sex differences that 
may affect cognition, but also link the IBT hypothesis to the elusive EFB 
profile (Baron-Cohen, 2003), which is the primary aim of this PhD thesis.
6.1.1 Background
The E-S theory (Baron-Cohen, 2003) suggests that cognitive profiles of the 
general population exist on a continuum, which can be identified by 
empathising and systemising traits, (see Chapter 3 for detailed discussion of 
the E-S theory). Similarly, IBT (Badcock & Crespi, 2008) can be cautiously 
linked with the E-S theory in that both incorporate continuum models that are 
based on the theory that innate sex differences influence aptitude for 
mentalising and mechanical styles of thinking. The IBT posits that clinically 
relevant consequences occur at both end of the continuum in that ASD and
4 Some of the information presented in this chapter is subject of manuscripts in preparation 
titled ‘Episodic memory and the empathising — systemising theory1 and ‘Source monitoring in 
higher empathisers and lower systemisers’ by S.L. Jones and V. Lesk.
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schizophrenia are linked, existing as diametric opposites at the extremes of 
the continuum influenced by an extreme bias towards either paternal or 
maternal imprinting (see Chapter 5).
6.1.1.1 Objective of this study
This study aims to bring together the principles of the E-S theory and the IBT 
hypothesis by exploring cognitive markers that should be able to predict a 
person’s place on the E-S continuum, based on the hypothesis of the IBT.
6.1.2 Memory ability, empathising and systemising
Can cognitive traits or abilities other than empathising and systemising 
predict a person’s place on the E-S continuum? Direct investigation into the 
potential relationship between the E-S continuum and memory processes is 
novel. There are no studies, to the knowledge of the researcher, that have so 
far reported any results. Badcock (2009) in-directly suggests that research 
into the potential relationship would be valuable, as there is evidence to 
suggest that ASD and schizophrenia may demonstrate diametric strengths 
and weaknesses in episodic and semantic (factual) memory (Badcock, 
2009). According to Badcock’s (2009) theory, deficits in episodic memory 
exhibited in ASD and schizophrenia individuals would show a diametric 
relationship. In that, episodic memory in ASD would be a deficit because the 
individual fails to place themselves in an episodic memory due to the lack of 
ToM, whereas schizophrenic individuals show deficits because they may not 
be able to ‘include anyone but themselves’ due to a preoccupation with self­
perception (p. 102).
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It is widely acknowledged that ASD often shows a superior ability in 
semantic5 or factual memory (O’Shea et al., 2005; Toichi et al.t 2002; 
Williams & Minshew, 2007). This is most likely due to the superior ability ASD 
shows in systemising and the sometimes occurring savant skills in recalling 
patterned information, which may facilitate semantic memory. On the other 
hand, ASD tends to present with mild to severe deficits in episodic memory6 
(Lind & Bowler, 2009; Bright-Paul et al., 2008) which may be explained by 
the social context of episodic memory and the autistic difficultly with ToM and 
social brain skills.
The knowledge surrounding how memory is affected in schizophrenia is 
slightly less clear. Collectively, findings in relation to episodic memory 
dysfunction in schizophrenia can be contradictory (Mitchell & Johnson, 
2009a; Saunders et al., 2012; Schmidt-Hansen & Honey, 2009). The 
collective opinion is that the majority of studies find evidence of significant 
memory deficits in schizophrenia (Aleman et al., 1999; Manoach et al., 2000; 
Achim & Lepage, 2005; Danion et al., 2007; Ragland et al., 2009), yet others 
fail to support this notion, finding that episodic memory remains intact in 
schizophrenic samples (Rushe et al., 1999).
5 Semantic memory is ‘declarative knowledge acquired about the world (Binder & Desai,
2011, p.527). It is the knowledge of facts that are not personal in nature, including 
knowledge of objects, history or factual information learned throughout our lifetime (Binder & 
Desai, 2011).
6 Episodic memory is a sub-section of declarative memory, which broadly refers to the 
memory for events, and requires the conscious remembering of events of the past (Tulving, 
1972). Episodic memory is the remembering of c o n te x t d e p e n d a n t events that are encoded 
and recalled with specific information in relation to places, times, and people (Steinvorth et 
al., 2005).
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6.1.3 The neural basis of memory
The hippocampus and medial temporal lobes (MTL) are the primary regions 
that are associated with the remembering of events and the spatial context of 
that remembering (Burgess et al., 2002; Eichenbaum, 2004; Ross & Slotnick, 
2008; Dickenson & Eichenbaum, 2010) and the encoding and retrieval of 
associations (Cohen et al., 1999; Eldridge et al., 2000; Davachi & Wagner, 
2002; Giovanello et al., 2003). Neuropsychology studies have revealed that 
damage to the MTL severely implicates episodic memory ability (Bayley et 
al., 2006; Rosenbaum et al., 2008), which is the memory system we are 
interested in here.
The role that the hippocampus plays in memory acquisition and formation is 
known to be lateralised, in that the parahippocampus specifically involves the 
processing of the spatial context (Ekstrom & Bookheimer, 2007). Whereas 
memory of location is implicated in the right hippocampus and verbal memory 
and social context such as autobiographical remembering (Burgess et al., 
2002) and facial working memory (Phillips et al., 1998) is associated with the 
left hippocampus.
Interestingly, in relation to the evolutionary psychology context of both the E- 
S theory and IBT, all non-declarative and some declarative memory abilities 
are thought to be 'evolutionary primitive’ in both humans and animals 
(Dickerson & Eichenbaum, 2010). However, neuroscientists believe that 
episodic memory is a recent evolutionary addition to the memory network 
and whether or not episodic memory is evident in animals is debatable (see 
Dickerson & Eichenbaum, 2010). This suggests that the evolutionary 
development of empathising and systemising due to a process of adaptive
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brain plasticity and the recent evolution of episodic memory processes may 
have similar aetiologies.
6.1.4 Episodic memory and the development of theory of mind
Another important way of looking at the possible relationship between 
episodic memory ability and the E-S continuum might be to consider the 
close relationship between memory ability and ToM development. 
Neuroscientists tend to agree that in order to be able to appreciate another 
person’s state of mind, we must rely (in part) on our ability to recall past 
personal experiences (autobiographical memory) (Tulving, 2002). 
Investigations into ToM and memory have largely progressed independently 
of each other (Gaesser, 2013). Yet recent neuroimaging studies allow us to 
recognise that the areas of the brain that are implicated in ToM overlap 
greatly with areas that are involved in episodic memory (frontal and medial 
temporal systems) (Buckner & Carroll, 2007; Shamay-Tsoory, 2011; 
Ciaramelli et al. 2013), which, in turn, allows us to infer that the two are 
connected in some way.
Furthermore, in order to experience emotion, people must have adequate 
ToM and neuroscientists agree that there is enough evidence to suggest that 
episodic memory and ToM develop at the same time and are likely to be 
dependency connected (see Ciaramelli et al., 2013). In that, the connection 
between the two systems is likely strengthened as we develop our ToM 
ability by recalling past memories and applying them to the mental states of 
others, therefore understanding how others might feel based on our own 
personal experiences (Rabin & Rosenbaum, 2012). It is also recognised that
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emotional memories are recalled with greater accuracy and clarity than 
memories without social context (Buchanan, 2007). This has been attributed 
to the interaction of the amygdala, hippocampus and prefrontal cortex due to 
the high activity of the amygdala during emotional states, which subsequently 
influences the enhanced encoding of memories (Buchanan, 2007). Empirical 
evidence has shown that the development of episodic memory ability is 
closely related to the development of ToM ability in healthy children (Perner 
et al., 2007; Bright-Paul et al., 2008). To further support the association; 
where ToM is impaired in ASD children, episodic memory is also impaired 
when compared to matched controls (Ben Shalom, 2003;'O’Shea et al., 
2005; Lind et al., 2009; Adler et al., 2010). Yet significantly, semantic 
memory is intact (Bowler et al., 2000a). O’Shea et al. (2005) propose that the 
reason for this observable episodic memory deficit in ASD individuals might 
be explained not by a general deficit in attaching context to the memory, but 
instead involves the inability to attach social context to memories due to the 
interdependence of ToM and episodic memory. In support of this 
dependence between the two cognitive processes, studies have shown that 
other clinical populations (namely, dementia patients), tend to show deficits in 
empathic ability (Cuerva et al., 2001; Gregory et al., 2002; Snowden et al., 
2003; Lough et al., 2006; Zaitchik et al., 2006; Torralva et al., 2007; 
Fernandez-Duque et al., 2010; Laisney et al., 2013), which further confirms 
the apparent dependency between ToM and episodic memory systems.
This link between ToM and episodic memory processes is a major rationale 
for investigating this type of memory process in relation to the E-S 
continuum. It presumes a need to investigate episodic memory within both a
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social context and a non-social context to investigate if any differences in 
memory ability are present dependant on this factor. Interestingly, a recent 
study by Wang & Fu (2011) reviewed a collection of research studies which 
investigated the role of emotion on memory recall in a neurotypical sample 
and concluded mixed results. For instance, some studies found that 
enhanced recall was evident when the stimulus involved an emotional 
context (Doerksen & Shimamura, 2001; Anderson & Shimamura, 2005; 
D’Argembea & Van der Linden, 2005), whereas other studies found that an 
emotional context inhibited recall (Cook et al., 2007; Maddock & Frein, 2009). 
Why this inconsistency is evident is unclear, however, it has been suggested 
that emotional stimuli may ‘arouse’ greater attention or that people process 
memories differently, according to their mood at the time (see Levine & 
Pizarro (2004) for a detailed debate). This informs the reasoning for 
employing both social and non-social conditions in the memory tasks 
employed in this study.
Shedding some light on this discrepancy, Rosenbaum et al. (2007) 
investigated the dependency between episodic memory and ToM by 
comparing healthy controls to patients with traumatic brain injury who had 
lost the ability to recall personal memories on false belief tasks. Interestingly, 
results showed that there was no difference in ToM ability between the two 
groups, which led Rosenbaum et al. (2007) to conclude that it is not 
necessary to have the ability to remember past events in order to have a fully 
working ToM. This suggests memory and ToM are not as dependent on each 
other as previously thought. Although Rosenbaum et al. (2007) makes clear 
that this study does not provide any information on the necessity of
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autonoetic consciousness for the development of ToM, instead, only 
suggests that a severe lack of current episodic memory ability does not affect 
ToM performance. In addition, studies with amnesic patients suggest that the 
two can sufficiently work independent of each other, in that amnesic patients 
often have sufficiently working ToM despite a severe memory deficit (Rabin & 
Rosenbaum, 2012). A possible explanation for this is that ToM type thinking 
can be executed through semantic knowledge of how a person may feel in a 
specific situation, so people may demonstrate ToM, but not from instinctual 
knowledge of another person’s state of mind, but instead through knowledge 
of previously learned social etiquette (see Rabin & Rosenbaum, 2012 for 
further discussion).
6.1.5 Source and associative memory
Source memory (SM) (or sometimes termed source monitoring) and 
associative memory (AM) are concepts under the wider umbrella of episodic 
memory (Davidson et al., 2008) and are the focus of this study. SM is the 
recollection of the contextual knowledge of how we came to know or 
experience something (Meiser & Broder, 2002). AM on the other hand, refers 
to the encoding of associations between obscure stimuli, people, actions, 
places or events (Eichenbaum, 2004). AM is closely related to SM but can be 
modulated by one particular distinction; AM involves processing an 
association between two items (inter-item associations), which is different 
from SM, in that SM involves processing item/s within a social or spatial 
context (item-context associations) (Park et al., 2012).
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AM is most often tested in the lab using pairs of items which are presented 
together, AM ability is assessed by the number of correct pairs of items 
recalled after an interval of time using free and/or cued recall (Guez et al., 
2013; Cohn & Moscovitch, 2007). SM on the other hand, is most often 
measured by source monitoring error (SME) experiments; where participants 
are presented with items within a particular context (e.g., a list of words 
visually presented on differing backgrounds, or audio of different people 
speaking) and are measured by the ability to correctly recall the source of the 
memory (e.g., “which word was associated with a red background?” or, “who 
spoke the following sentence.'..?”), using free and cued recall after a period 
of time (Davidson et al. 2008). Interestingly, studies have found that in some 
cases, using words which elicit emotions assist the associative binding 
process, in that these words are recalled at a higher rate than neutral words 
(Murray & Kensinger, 2012). In some cases, emotional context can hinder 
the associative binding process in that the rate of recall falls compared to 
neural words (Mackey & Ahmetzanov, 2005; Easterbrook, 1959).
6.1.6 Considerations
Here, it is important to consider the areas of contention that are apparent in 
relation to the theorising surrounding the E-S and IBT continuums and 
possible diametric differences in memory ability. Especially due to the novelty 
of the investigation. As previously mentioned, studies investigating memory 
deficits in terms of schizophrenia are often contradictory and unclear, which 
means there is no readily accepted doctrine as to how it is implicated. Yet,
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there are some findings that would theoretically contradict what the IBT 
continuum would predict in relation to the patterns of episodic memory.
For instance, schizophrenia participants have often shown episodic memory 
deficits similar to those found in ASD (Dore et al., 2007; Mitchell & Johnson, 
2009). This is intriguing, as if we are to recognise that episodic memory is 
related to ToM ability (Naito, 2003; Bright-Paul et al., 2008), we might 
presume that episodic memory may be an overlapping trait in ASD and 
schizophrenia rather than a diametric aspect of cognition, as the IBT would 
predict (Badcock & Crespi, 2006). However, we might also consider Badcock 
& Crespi’s (2008) postulation that ToM in ASD presents as a deficit due to an 
underdeveloped mirror neuron system (MNS) whereas ToM in schizophrenia 
presents as a deficit not because of an absence of the MNS, but an 
overactive or deregulated MNS which causes ToM to be so sensitive it 
becomes dysfunctional.
6.2 Aims of this study
It was the aim of this study to explore episodic memory ability in relation to 
the E-S continuum in healthy population participants.
The rationale for employing neurotypical participants is twofold. Firstly, 
despite the E-S and IBT models incorporating clinical populations, 
empathising and systemising individual differences should be sensitive 
enough to be measurable in healthy population samples. Secondly, if we are 
to incorporate the elements of the IBT into the E-S continuum (the ASD - 
schizophrenia continuum), the manifestation of ASD and schizophrenia exist 
at trait level, where neurotypical populations can demonstrate measurable
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indicators of both conditions, as per the principles of the continuum model 
(Baron-Cohen, 2003; Mason & Claridge, 2005). This allows researchers to 
investigate the continuum in healthy populations (i) without the possible 
interference of medication therapy effects that may be present in clinical 
populations, and have the potential to significantly interrupt the cognitive 
processes that we are aiming to measure and (ii) issues pertaining to 
diversity of diagnosis may be a confounding variable (e.g., the effects 
nonspecific psychopathology [see Cash, 1973] or ethical considerations 
concerning decision making capacities [Wilson & Stanley, 2006]).
The overall rationale for this two-part study was to contribute to the dearth in 
knowledge surrounding specific cognitive markers that can predict a person’s 
position on the E-S continuum and subsequently advance the knowledge of 
the link between memory ability and the feminised profile. The hypothesis in 
relation to memory capacity was derived from the IBT which postulates that 
advanced episodic memory ability would be observable in higher 
empathisers.
6.3 Study 1
6.3.1 Overview
The overall purpose of study one was to investigate the hypothesised 
relationship between episodic memory ability and the E-S continuum.
It was hypothesised here, based on theorising by the IBT (Chapter 5) that 
those participants who presented with a greater capacity in empathising and
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lower aptitude for systemising would show greater episodic memory ability 
(measured by SM and AM), both within a social and non-social context.
6.3.2 Methods
6.3.2.1 Participants
A total of 43 student participants from the University of Bradford were 
recruited to take part in this study. The sample consisted of 31 females (72%) 
and 12 males (28%). No age data is available; however, all participants were 
over the age of 18 years old. Inclusion criteria specified that participants 
must have (i) no clinical diagnosis of mental illness (ii) normal or corrected to 
normal vision (¡n) a fluent understanding of English language (iv) no dyslexia 
(v) not taken part in previous studies conducted by the researcher due to 
over exposure effects. Ethical approval was obtained from the Humanities, 
Social & Health Science Research Ethics committee at the University of 
Bradford. All participants gave their informed written consent.
6.3.2.2 Materials
The Empathising Quotient (EQ) - The short form version of the EQ (EQ-S) 
(Wakabayshi et al., 2006b), measuring self-report cognitive and affective 
empathy was administered. The EQ scale has previously shown validity and 
reliability (Lawrence et al. 2004). Consisting of 22 statements, an example 
statement from the EQ-S would be; 7 can easily tell if someone else wants to 
enter a conversation’ or 7 can pick up quickly if someone says one thing but 
means another’. Participants respond to the statement using a forced choice 
scale of (¡) strongly agree, (ii) slightly agree, (in) slightly disagree or (iv)
69
strongly disagree. Participants receive a score between 0 and 44. Higher 
scores indicate higher levels of empathising. Full inventory can be found in 
appendix 1.
The Systemising Quotient (SQ) - The short form version of the SQ was 
employed (SQ-S), which measures self-reported ‘everyday’ systemising 
ability (Wakabayshi et al., 2006b). Consisting of 25 statements, an example 
statement from the SQ-S would be ‘In math, I am intrigued by the rules and 
patterns governing numbers’ or 7 find it easy to grasp exactly how odds work 
in betting’. Participants respond using a forced choice scale of (i) strongly 
agree, (¡i) slightly agree, (¡¡i) slightly disagree or (iv) strongly disagree. 
Participants receive a score between 0 and 50. Higher scores indicate higher 
levels of systemising. Full inventory can be found in appendix 2.
The Cambridge mind-reading face-voice battery (CAM-MR) - The CAM- 
MR is a test of understanding and recognition of subtle complex emotions 
through visual and auditory channels. The CAM-MR was developed to 
provide a test of complex emotion recognition, which aims to be closer 
ecologically to real life as it uses moving pictures and voice clips rather than 
still pictures. The task comprises of 20 emotions which are expressed 
through video clips and voice clips of one actor, acting out a particular 
emotion (see Figure 4). There are 50 trials for the video clips each lasting 
three to five seconds and 50 trials for voice clips, each lasting 3-5 seconds. 
The participant is presented with 4 words after each trial. The aim is to 
choose the adjective which best describes the emotional context of the trial. 
Note- only the visual (video clips) condition of the CAM-MR was employed in 
this study.
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desiring thoughtfu l tired angry
Fig. 4: Example of the CAM-MR task (image 
taken from video clip)
The mental rotation task (MROT) - An adapted computerised version of the 
Vanderberg and Kuse (1978) mental rotation task (MROT) was administered. 
The task comprises of 20 trials, each consisting of a target three dimensional 
image made up of 10 three-dimensional cubes and four comparison images 
(see Figure 5). Two of the comparison images are the target image rotated 
to different degrees of clockwise rotation, the remaining two images are 
different images. The task aims to measure visual-spatial ability. It requires 
participants to mentally retain the image whilst rotating it in space in order to 
match it to the comparison images. One point is given per trial if both of the 
correct images are selected. No points are given per trial if only one correct 
image is selected.
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SCREEN 11
Which tw o  images are the same as the  target object?
F ig . 5: A trial on the MROT, adapted from Vanderberg & Kuse 
(1978). Correct answers are images 3 and 4.
The embedded figures task (EFT) - A pencil and paper variant of the EFT 
was administered. Each trial has a target image and two other images, one 
of which contained the embedded figure. The EFT measures attention to 
detail with a focus on global versus local processing ability (Auyeung et al., 
2011). The aim of the task is to locate the embedded figure within one of the 
two images and outline it with the pen provided. The target figure is only 
present in one of the two images. Scores are based on correct answers 
within the five-minute limit time frame.
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Fig. 6: Example of the EFT.
Pairing ta s k -  the pairing task aimed to measure AM. The task comprised of 
two conditions (i) inanimate (abstract shapes) (Figure 7, a.) and (¡¡) social 
(facial expressions) (Figure 7, b.) which were measured separately. In each 
condition, participants were presented with six pairs of images, which were 
not connected to each other either semantically, auditory or visually, 
therefore were randomly paired, presented on a 15.6” computer screen. Each 
pairing was shown for five seconds and was then followed by a fixation cross. 
Participants were then presented with exact replica ‘cut outs’ of the 12 
individual images that made up the six pairs, placed randomly in front of them 
on the desk. Each cut out image was matched for exact size and colour 
quality as was seen on the computer screen. Participants were then asked to 
match the images into their correct pairings as recalled from the computer 
presentation sequence.
For the inanimate condition, images consisted of both two-dimensional and 
three-dimensional solid colour shapes. The social condition consisted of 
facial expressions demonstrated by one male and one female actor
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(previously unfamiliar actors). Each image portrayed an emotion using facial 
expressions, for instance, a number of emotional states were represented 
including; bored, confused, disgusted, angry, passive, thoughtful, surprised, 
happy, pained, sad, displeased, flirt, shy and silly.
Participants scored one point per correct pairing. The task did not require 
participants to recall the pairs in the correct order; the measure was simply 
correctly recalled pairs of images. For each condition, three x six pairs were 
employed. Overall scores were combined for each condition, therefore the 
maximum score for each condition was 18 points. Participants completed a 
practice trial for both the inanimate and social conditions before the 
commencement of the task.
a. inanimate condition
A l #8
b. social condition
0 9 59
Fig. 7: Examples of trials on the pairing task.
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Word recall -  The word recall task aimed to measure SM. The task required 
participants to observe a series of words (ten words per trial x two), with each 
word presented on a computer screen for five seconds (see Figure 8) 
followed by a fixation cross, followed by the next word. Words were randomly 
placed in either one of four boxes on the screen (either top left, top right, 
bottom left or bottom right), and were presented randomly in either red or 
blue font (first trial) and green or orange font (second trial). Participants 
observed the first ten words (table, fruit, music, train, monkey, ball, paper, 
glass, coat, pencil). The researcher then stated each word (one at a time) in 
a random order and asked the participant to recall the location (by pointing to 
the section of the grid on the computer screen) and verbalise the colour of 
that particular word. Participants scored one point per correct response (two 
points for both correct location and colour recall); therefore, the maximum 
score per trial was 20 points. The same procedure was carried out for the 
second ten words (font, smell, train, fruit, paint, swim, tree, sky, goose, bus). 
Scores were combined, determining a possible maximum score of 40 points.
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A cross-sectional, primarily correlational design was employed, concerned 
with exploring the relationships between empathising, systemising and 
episodic memory ability using direct performance and self-report measures. 
This study employed standardised neuropsychological tasks developed for 
non-clinical populations using standardised scoring. Familiarity with the 
theoretical bases of these tasks allowed for interpretation of cognitive styles 
and abilities. The researcher administered the battery of tests in random 
order for the purpose of controlling for order effects (except for the self-report 
measures which were completed online prior to the lab session).
6.3.2.3 Design
6.3.2.4 Procedure
Participants were recruited via email advertisement to all faculties at the 
University of Bradford. All participants completed the experiment in two 
sessions. The first session was online and included the self-report measures 
(EQ-S and SQ-S) and the second session was carried out at the psychology 
labs in the Division of Psychology, University of Bradford where the battery of 
direct performance measures was administered. On receipt of interest in 
taking part in the study, participants were sent more information (via email) 
about the study and were required to read the online information sheet 
pertaining to the study and if happy to proceed, provide written consent 
(electronic signature was accepted). Sessions in the lab lasted approximately 
40 minutes and no participants requested a break during the sessions.
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6.4 Results
The aim of this study was to investigate if episodic memory performance 
could significantly predict empathising and systemising ability, thus allowing 
us to explore whether episodic memory performance can accurately predict a 
person’s place on the E-S continuum. A non-clinical population was 
administered both self-report (EQ-S and SQ-S) and direct performance 
measures (the embedded figures task, the mental rotation task, the 
Cambridge mindreading task [proxies for measuring empathising and 
systemising performance], the social and inanimate pairing task [associative 
memory] and the word recall task [source memory]).
Means and standard deviations for all variables can be found in table 1.
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Table 1: Means and standard deviations for scores on all variables
Variable n M ±SD
Min-Max
possible
score
EQ-S 40 28.38 8.70 0-44
SQ-S 40 17.80 7.45 0-40
EFT 40 4.18 0.78 0-05
MROT 43 30.00 6.13 0-40
CAM-MR 42 40.19 4.82 0-50
PT social 43 10.81 4.18 0-18
PT shapes 43 11.51 4.44 0-18
WR 42 30.48 6.99 0-40
N o te : EQ-S= empathising quotient (short form); SQ-S= systemising quotient (short form); 
EFT= embedded figures task; MROT= mental rotation task; CAM-MR= Cambridge 
mindreading face-voice battery; PT social= pairing task social condition; PT shapes= pairing 
task shapes condition; WR= word recall
6.4.1 Main effects of gender
The relationship between empathising, systemising and biological sex is an 
important factor in this research area (Baron-Cohen, 2002), therefore it was 
important to discover the effect (if any) gender had on the measures 
administered in this study. As we would expect, MANOVA statistic (where the 
dependent variables were test scores) revealed there was a significant main 
effect of gender on EQ-S score (F (1, 30) = 11.74, p<0.01), with independent 
samples t-test revealing that males scored significantly lower than females on 
the EQ-S (f (38) = -2.50, p<0.05). However, interestingly, gender had no 
significant effect on any other variable, suggesting, as Baron-Cohen (2003)
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posits, whilst gender can be a predictor of empathising and systemising 
performance, it is not necessarily significantly important.
6.4.2 Regression analysis
In all regression analysis, scatterplots showed an even disperse of data 
points around zero, demonstrating the assumptions of linearity and 
homoscedasticity were met. In addition, no issues of multicollinearity were 
present. It assumed that findings could therefore be generalised to the 
population.
6.4.3 Source memory (word recall) and empathising
A linear regression was calculated to see if EQ-S score could be predicted 
based on word recall performance. The regression model (word recall) 
significantly predicted EQ-S score (F (1, 37) = 5.98, p<0.02). There was a 
small (R =.37) relationship between word recall score and EQ-S and the 
model could explain 14% of the variance (R2 = .14, Adjusted R2 =.12) ((3 = 
.37, t (38) = 2.45, p<0.02: 95% Cl .078 - .833). Participants’ predicted EQ-S 
score was equal to 14.49 + .46 (word recall) when word recall is measured in 
1 point per correct response. EQ-S score increased .46 for each correct 
response on the word recall task, meaning that, as SM score increases, so 
does EQ-S score.
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Table 2: The unstandardized and standardised regression coefficients for the
predictor variable word recall
B SE B B
Constant 14.49 5.82
Word recall .46 .19 .37*
*p<0.05, **p<0.01, R2 .14
A linear regression was also calculated to predict CAM-MR score based on 
word recall score. The regression model (word recall) significantly predicted 
CAM-MR score (F (1, 40) = 10.41, p<0.01), the relationship between word 
recall and CAM-MR was moderate (R =.45) and the model could explain 21% 
of the variance (R2 = .21, Adjusted R2 =.19) (p = .45, i  (41) = 3.23, p<0.01: 
95% Cl .126 - .548). Participants’ predicted CAM-MR score is equal to 29.73 
+ .34 (word recall) when word recall is measured in 1 point per correct 
response. CAM-MR score increased .34 for each correct response on the 
word recall task. Meaning that, as SM ability increased, so too did CAM-MR 
score.
Table 3: The unstandardized and standardised regression coefficients for the 
predictor variable word recall
B SE B B
Constant 29.73 3.26
Word recall .34 .10 .20**
*p<0.05, **p<0.01, R2 .21
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These results confirm that as predicted, source memory score was a 
significant predictor of empathising, both self-report and actual 
performance. Suggesting that as empathising score raised, so did source
memory capacity.
6.4.4 Source memory (word recall) and systemising
Linear regression analysis was calculated to predict SQ-S, EFT and MROT 
score based on source memory score. The regression models were non­
significant (ns).
6.4.5 Associative memory (pairing task) and empathising
A linear multiple regression analysis was calculated to predict EQ-S score 
based on the two AM conditions (PT social and PT shapes). The regression 
model (F (2, 37) = 5.45, p<0.01), determined that PT shapes was not a 
predictor of EQ-S score (ns). However, the relationship between EQ-S and 
the PT social was moderate (R =.47). The model could explain a moderate 
23% of the variance (R2 = .23, Adjusted R2 =.19) (P = .49, t (39) = 3.23, 
p<0.01: 95% Cl .377 - .1.64). Participants’ predicted EQ-S score was equal 
to 1.010 + .313 (PT social) when performance was measured in 1 point per 
correct response. EQ-S score increased .31 for each correct response on the 
PT social task. Meaning that more accurate performance on the social 
condition of the pairing task was associated with greater EQ-S score.
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Table 4: The unstandardized and standardised regression coefficients for the
predictor variables PT social and PT shapes
B SE B B
Constant 18.68 4.22
PT social 1.01 .31 .49**
PT shapes -.12 .31 -.06
*p<0.05, **p<0.01, R* .23
Further, a linear regression line was calculated to predict CAM-MR score 
based on performance on the pairing task. The regression model (PT social) 
but not PT shapes (ns) significantly predicted CAM-MR score (F (1, 41) = 
5.66, p<0.05), the relationship between PT social and CAM-MR was small (R 
=.35) and the model could explain 12% of the variance (R2 = .12, Adjusted R2 
=.10) (p = .35, t (42) = 2.38, p<0.05: 95% Cl .065 - .798). Participants’ 
predicted CAM-MR score was equal to 35.22 + .43 (PT social) when PT 
social score was measured in 1 point per correct response. CAM-MR score 
increased .43 for each correct response on the PT social task. Meaning that 
as performance on the social condition of the pairing task increased, so too 
did CAM-MR score.
82
Table 5: The unstandardized and standardised regression coefficients for the
predictor variable AM social
B SE B B
Constant 35.22 2.10
AM social .43 .18 .35*
*p<0.05, **p<0.01, Rz .12
These results suggest that as predicted, those who scored greater on 
empathising (both self-report and direct measures) also demonstrated 
greater associative memory performance for the social condition of the
pairing task.
6.4.6 Associative memory (pairing task) and systemising 
A linear regression was calculated to predict SQ-S score based on pairing 
task score. The regression model (PT social) (but not PT shapes [ns]) 
significantly predicted SQ-S score (F (1, 38) = 4.65, p<0.05), the negative 
relationship between PT social and SQ-S was small (R =.33) and the model 
could explain 11% of the variance (R2 = .11, Adjusted R2 =.09) (p = -.33, t 
(39) = -2.16, p<0.05: 95% Cl -1.125 - -.035). Participants’ predicted SQ-S 
score was equal to 24.14 + -.60 (PT social) when PT social score was 
measured in 1 point per correct response. SQ-S score decreases .60 for 
each correct response on the PT social task. Meaning that as SQ-S score 
increased, ability on the social condition of the pairing task decreased.
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Table 6: The unstandardized and standardised regression coefficients for the
predictor variable PT social
B SE B B
Constant 24.14 3.15
PT social -.60 .27 -.33*
*p<0.05, **p<0.01, R2 .11
A linear regression was calculated to predict EFT score based on pairing task 
score. The regression model (PT shapes) revealed that PT shapes (but not 
PT social [ns]) significantly predicted EFT score (F (2, 37) = 7.009, p<0.01). 
There was a moderate (R =.52) relationship between EFT score and PT 
shapes score and the model could explain 28% of the variance (R2 = .28, 
Adjusted R2 =.24) ((3 = .51, t (38) = 3.510, p<0.01: 95% Cl .038 - .143). 
Participants predicted EFT score was equal to 3.057 + .091 (PT shapes) 
when PT shapes is measured in 1 point per correct response. EFT score 
increased .091 for each correct pairing on the PT shapes task. Meaning that 
as EFT score increased, so too did memory performance on the inanimate 
condition of the pairing task.
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Table 7: The unstandardized and standardised regression coefficients for the
predictor variable AM shapes
B SE B B
Constant 3.057 .378
EFT .091 .026 .37**
*p<0.05, **p<0.01, R* .24
A linear regression was calculated to predict MROT score based on the 
pairing task. The regression model (PT shapes) found that PT shapes, but 
not PT social (ns) significantly predicted MROT score (F (2, 40) = 5.062, 
p<0.01). There was a moderate (R =.45) relationship between PT shapes 
score and MROT and the model could explain 20% of the variance (R2 = .20, 
Adjusted R2 =.16) ((3 = .45, f (41) = 3.013, p<0.01: 95% Cl .204 -  1.036)7. 
Participants’ predicted MROT score was equal to 27.42 + .62 (PT shapes) 
when MROT is measured in 1 point per correct response. MROT score 
increased .62 for each correct pairing on the PT shapes task. This means, as 
we saw for the EFT results, similarly, as scores increased on the MROT, so 
too did scores on the inanimate condition of the pairing task.
7 Interestingly, the regression model revealed that there was a strong trend (but not 
significant at the 0.05 alpha level) for a negative relationship between MROT score and AM 
social score (r = -.14) (P = -.287, t (41) = -1.929, p = 0.06: 95% C l -.863 -  .020).
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Table 8: The unstandardized and standardised regression coefficients for the
predictor variable MROT
B SE B B
Constant 27.42 2.89
MROT .62 .21 .45**
*p<0.05, **p<0.01, R2 .20
These results suggest that, those who scored greater on systemising 
(self-report) also demonstrated lesser ability in social associative 
memory performance, and are supportive of the trend expected if 
associative memory can be a significant cognitive marker on the E-S
continuum.
Interestingly, results also highlighted that systemising (direct measures) 
score can be predicted by associative memory that is spatial in nature, 
which suggests that memory performance is improved for those scoring 
greater on systemising when the context of the memory is spatial.
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6.5 Main findings - study one
Results from study one supported the hypothesis that elements of episodic 
memory could be a significant cognitive marker on the E-S continuum.
The rationale for this hypothesis was informed by the tentative link between 
the E-S theory and the ASD-schizophrenia continuum, and the overall focus 
of this PhD thesis to investigate further the accurate characterisation of the 
elusive EFB profile.
Schizophrenic individuals often present with hallucinations and delusional 
episodes, which are thought to be due to overly active ToM systems 
(Badcock & Crespi, 2006). In relation to the E-S continuum and the 
theoretical EFB profile, this suggests that (based on the apparent link 
between ToM and episodic memory development [see section 6.1.4]), we 
would expect that those who show higher levels of empathising (located 
towards the type E end of the continuum) would also demonstrate greater 
episodic memory ability. Put together within the principles of the E-S theory, 
we would also expect to see systemising show the opposite pattern of 
results, with greater systemisers showing lesser ability in episodic memory.
This study is the first of the author’s knowledge to investigate this postulation, 
and therefore the findings here are novel. This study provides support for 
the notion that elements of episodic memory capacity can be a 
significant cognitive marker on the E-S continuum. Strongest support 
came from the finding that AM aptitude was able to significantly predict 
greater empathising and lesser systemising. This leads us to conclude that
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AM ability has the potential to be a linked with the telling cognitive markers of 
the E-S continuum, specifically, AM that is social in nature, most likely due to 
its close relationship with ToM processes (Perner, et al., 2007; Bright-Paul et 
al., 2008).
Further to this, partial support was found for a link between the E-S 
continuum and SM capacity. As hypothesised, greater empathising ability 
was found to be significantly associated with greater ability in SM in this 
study, as measured by the word recall task. However, remembering that we 
are only interested here in the whole E-S continuum, to suggest that SM may 
be a cognitive marker on the E-S continuum, we would require a relationship 
between SM and systemising to be apparent; a trend that was not evident in 
this study. This is a significant finding, as it highlights the potential complexity 
of the relationship between the E-S continuum and episodic memory ability, 
in that these results demonstrate that only particular elements of episodic 
memory, namely AM  are able to significantly predict a person’s placement on 
the E-S theory continuum.
It is suggested here that further investigation into the relationship between 
empathising, systemising and AM is warranted, to (i) confirm these results 
and (¡¡) to investigate the association using different stimuli.
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6.6 Study 2
6.6.1 Rationale
The purpose of study two was to explore AM (and also features of SM) that 
consisted of an interactive element involving human communication. The 
stimuli employed here was novel; participants were exposed to real life 
people, looking and speaking directly to them (through the computer screen). 
The purpose of this was to ascertain if the results found in study one (that AM 
was a significant predictor of empathising and systemising ability) was also 
evident during SM and AM ability which involved real life people, and was 
therefore closer to real life SM and AM instances than the previously 
employed stimuli.
Study two also sought to proceed further with the investigation between the 
E-S continuum and memory capacity by taking a closer look at SME (source 
monitoring error) (or sometimes termed ‘false memory’). The motivation for 
this enquiry centred again around the link between the E-S continuum and 
the IBT continuum (Brosnan et al., 2010; Jones & Lesk, 2013) as discussed 
in section 6.2.2 in that individuals with schizophrenia have a tendency to 
exhibit SMEs (Lenzenweger & Gold, 2000; Brebion et al., 2002; Brebion et 
al., 2013; Gonzalez-Ortega et al., 2013). Therefore, if the IBT can be 
accurately linked to the E-S continuum, can false memory also be an 
indicator of a person’s place on the E-S continuum?
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6.6.2 Background - source monitoring error
Our memories very rarely provide us with an exact account of what we have 
previously experienced, and it is usually only when an experience is ‘highly 
novel’ that our memories encoded and recalled with great accuracy (Lo et al., 
2016). Often, memories can be encoded that are confused with prior similar 
episodes, or our imagination might ‘fill in’ gaps to create memories, which, as 
a consequence create false memory retrieval, where our believed 
recollection of events is inaccurate (Johnson & Raye, 1998). The 
neurological basis of false memory has been informed by patients with 
damage to the basal forebrain, ventromedial and orbitomedial frontal 
structures (bilaterally), who very often report high levels of SME and memory 
confabulation8, confirming the involvement of these networks in false memory 
encoding and recall (Johnson & Raye, 1998; Karanian & Slotnick, 2014).
In terms of the E-S theory, there is no available data on the relationship 
between SME and empathising - systemising processes. However, 
considering the effect of gender on both empathising and systemising (that 
biological sex is a predictor, but not a determinant of empathising and 
systemising preferences [Baron-Cohen, 2003]) gender differences in source 
monitoring should be considered in the rationale for this research question.
Interestingly, whilst some have reported that women show significantly more 
associative memory illusions using the Deese/Roediger-McDermott paradigm
8 Memory confabulation refers to the total belief in what one is saying, or knows to be true, 
despite the fact that such knowledge is based upon false memories (Kopelman et al., 1995).
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(D/R-M)9 (Stadler et al., 1999) in false memory recall on negative valenced 
word lists (Dewhurst et al., 2012), gender differences in false memory are not 
often evident (Seamon et al., 2002; Bauste and Ferraro, 2004; Kreiner et al., 
2004; Smeets et al., 2006), which leads to the suggestion that gender is not a 
particularly significant factor in SME.
Also, in the context of the IBT continuum, false memory is a particularly
curious notion, as schizophrenic patients, most specifically those with
hallucinations and delusional symptoms (symptoms which involve a difficulty
in separating lived experiences from phenomena they have experienced
mentally [Keefe et al. 2002]) have been found to experience greater difficulty
with SM when compared to controls and other clinical populations
(Lenzenweger & Gold, 2000; Brebion et al., 2002; Brebion et al., 2013;
Gonzalez-Ortega et al., 2013). Furthermore, the areas of the brain which are
known to be implicated in hallucinations and delusions in schizophrenia
patients have also been shown to be active in SM recall in healthy brains
(Simons et al., 2006), which is suggestive of a significant link between the
two phenomena. Intriguingly, Bentall et al. (1991) puts forward that SME may
actually be the underlying cause of the positive symptoms of schizophrenia
rather than a consequence of the disorder. One particularly interesting study
conducted by Brebion et al. (2002) found that SMEs were associated with
9 The D/R-M paradigm is a test commonly used to induce false memory in humans. The test 
consists of exposure to a list of semantically related words (e.g., spoon, fork, plate, salt, 
table, napkin, cup, glass etc.), and on prompting, the participant is required to recall the word 
list. Participants often recall words that were not presented but are semantically related (e.g., 
knife, dish, pepper etc.), or that are related to a ‘lure’ word that is verbally presented to them 
during the recall and recognition part of the task but did not appear on the list (in this 
example the lure word could be ‘dinner’), thus resulting in the inducing of false memories 
(Cann et al., 2011).
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positive symptoms of schizophrenia (hallucinations, delusional and paranoid 
ideation) yet negatively associated with the negative symptoms such as 
flattened affect and introversion, which are often present in ASD and 
therefore a pertinent indication that false memory may be a significant marker 
on the E-S / IBT continuums.
It has been theorised that delusions in schizophrenia are formed because of 
the susceptibility to the encoding and retrieval of false memories, thus the 
source monitoring failure results in hallucinations and delusion (Jeannerod & 
Pacherie, 2004; Laws & Bhatt, 2005; Moritz & Woodward, 2006: Hodgetts et 
al., 2015). Indeed, greater false memory errors have been widely reported in 
schizophrenic patients and schizotypy prone samples compared to controls 
(Stirling et al., 1997; Vinogradov et al., 1997; Brebion et al., 1999; Bhatt et 
al., 2010; Saunders et al., 2012). However, we must also consider that other 
studies have reported that schizophrenia patients (and schizotypy prone 
samples) do not show greater levels of false memory errors when compared 
to control groups (Elvevag et al., 2004; Moritz et al., 2004: Peters et al., 
2004; Dagnall & Parker, 2009). In terms of these contradictory findings, it is 
unclear as to whether or not confounding variables such as pharmacological 
interventions might have an effect (Mitropoulou et al., 2005). This is an 
important point to consider, as there is evidence to suggest that the 
relationship between SM and executive function may be modulated by 
neurotransmitters such as dopamine and acetylcholine (Johnson and Raye, 
1998). The antipsychotic medications often prescribed in schizophrenia 
conditions are therefore likely to affect episodic memory processes, therefore
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this may be a factor in explaining these inconsistencies (Johnson and Raye, 
1998).
Considering the opposite end of the IBT and E-S continuums (the type S end 
of the continuum [Baron-Cohen, 2003; Badcock & Crespi, 2008]) and 
consistent with what we would expect in terms of the diametric trend, 
individuals with ASD have shown better ability in discriminating between false 
and true memories compared to controls using word lists tasks (Beversdorf et 
al., 2000). Although, again, conflictingly, this trend is not always followed as 
ASD individuals have also demonstrated no evidence of an advantage in 
discriminating between false and true memories when compared to matched 
controls using the D/R-M paradigm (Bowler et al., 2000b; Hillier et al., 2007) 
and other source monitoring tasks (Farrant et al., 1998). However, ASD 
individuals have been found to produce less false memory in visual 
paradigms that involved geometric figures (Hillier et al., 2007). The 
inconsistency in these findings are suggested to be due to differences in IQ 
and language abilities in the ASD samples employed in different studies 
(Hillier et al., 2007). However, it is suggested here that a much simpler 
explanation is possible. Is it simply the case that any remembering that 
involves a systemising process in the encoding and recalling of information 
(especially stimulus that involves patterned information) provide ASD 
individuals with an advantage on particular memory tasks? Of course, this is 
just conjecture, however, by investigating SME in relation to social stimuli in 
relation to empathising and systemising, may allow us to further explore
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possible cognitive markers on the E-S continuum and infer possible 
explanations for inconsistency in findings.
It was hypothesised that the results of study one (that AM that is social in 
context is able to predict a person's place on the E-S continuum) would be 
replicated and extended to include AM that included an ‘interactive’ social 
component. It was also hypothesised that due to the (debateable) indication 
that false memory is reduced in ASD individuals and increased in 
schizophrenia individuals, and based on the understanding that the E-S 
theory can be linked to the predictions of the IBT in terms of the ASD -  
schizophrenia model; that SMEs would be associated with greater levels of 
empathising, alongside lower levels of systemising.
6.6.3 Methods
6.6.3.1 Participants
A total of 56 participants took part. All participants were over 18 years of age 
with a mean age of 26.67 years (±SD= 8.24, Range= 32). Participants were 
recruited via several channels, including by email invitation to all faculties at 
the University of Bradford, posters, mailing lists and social media associated 
with the psychology department at University of Bradford. Exclusion criteria 
specified participants must have (¡) no clinical diagnosis of mental illness or 
neurological disorder (ii) no uncorrected visual impairment (¡¡¡) and a fluent 
understanding of English language (iv) not participated in part one of this 
study. Ethical approval was obtained from the Humanities, Social & Health 
Science Research Ethics committee at the University of Bradford. All 
participants gave their informed written consent.
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6.6.3.2 Materials
The Embedded Figures Task (EFT) - A pencil and paper variant of the EFT
was administered as per section 6.3.2.2.
Reading the mind in the eyes (RTME) - This task comprised of 36 items 
which aimed to measure advanced ToM or ‘mentalising’ ability by employing 
black and white photographs of the eye regions (from the bridge of the nose 
to middle forehead) of males and females (see Figure 9), who were 
displaying subtle facial expressions. Participants were required to consider 
the photograph, infer the mental state of the person in the photograph and 
choose one of four adjectives (surrounding the image) that they thought best 
represented the emotion displayed. Participants had access to a glossary to 
which they could freely refer, in order to confirm the correct definition of any 
words they were not familiar with. One point was scored for each correct 
interpretation of the emotional state; therefore, maximum score was 36 points 
(Baron-Cohen et al., 2001)
joking flustered
■
desire convinced
Fig. 9: Examples trials on the RTME task. The 
correct response is ‘desire’.
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‘Say what?’ -  An assessment of source and associative memory, with the 
ability to pick up on source monitoring errors developed by the researcher 
was piloted in this study. Participants were presented with ten video clips, 
with a fixation cross displayed between each clip. Each trial involved an actor 
(different each time) verbalising one sentence (an example sentence would 
be; “It would take 63 hours to walk from Leeds to Edinburgh"). The chosen 
lines of text were factual random statements (see appendix 3 for complete list 
of questions and example images). The actors in the clips looked directly into 
the camera and verbalised the statement, lasting approximately three 
seconds. After the presentation, associative memory ability was measured by 
presenting the participant with 15 lines of text and a screen shot of each 
actor that appeared in the clips. The list included five lines of text that were 
not included in the test paradigm. This aspect aimed to measure source 
monitoring errors by false-recognition (the mistaken claim that novel stimuli 
has previously been encountered [Garoff-Eaton et al., 2006]). The participant 
was instructed to pair the line of text to the actor they believed to have 
verbalised the sentence, scoring one ‘associative memory’ point per correct 
pairing. Participants scored one ‘false memory’ point for each false memory 
e.g. pointing out w ith conviction that a particular actor voiced a statement 
that did not appear in the video clips (see appendix 3).
6.6.3.3 Design
A cross-sectional, primarily correlational design was employed; concerned 
with exploring the relationships between empathising, systemising and 
source monitoring using direct performance measures. The rationale for
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measuring empathising and systemising ability by direct measures is derived 
from issues pertaining to the apparent discrepancies that can occur between 
self-report and direct measure scores due to self-perception issues (Dunning 
et al., 2004). Therefore to eliminate any issues of self-report inaccuracy, only 
direct performance measures were employed in study two. Tasks 
administered were developed for non-clinical populations using standardised 
scoring. Familiarity with the theoretical bases of these tasks allowed for 
interpretation of cognitive styles and abilities. The researcher administered 
the battery of tests in random order for the purpose of controlling for order 
effects.
6.6.3.4 Procedure
Participants were recruited via email advertisement to all faculties at the 
University of Bradford. All participants completed the experiment in one 
session that was carried out at the psychology labs in the Division of 
Psychology, University of Bradford. Before beginning the battery of 
measures, participants were required to read the information sheet pertaining 
to the study and if happy to proceed, provide their written consent. Sessions 
in the lab lasted approximately 30 minutes and no participants requested a 
break during the sessions.
6.7 Results
Study two aimed to replicate the results obtained in study one, that AM was 
able to significantly predict a person’s place on the E-S continuum. Also, we 
advanced study two to include an ‘interactive’ AM element. Furthermore,
97
study two aimed to investigate the relationship between SME (false memory) 
in relation to empathising and systemising.
Table 9: Means and standard deviations of scores for all measures
Variable n M ±SD
Min-Max
possible
score
EFT 52 4.12 0.81 0-5
RTME 56 24.39 3.74 0-36
SW 57 5.49 2.08 0-10
FM 57 1.23 1.70 0-10
N o te : EFT= embedded figures task; RTME= reading the mind in the eyes task; SW= say 
what?; FM= false memory
6.7.1 Regression analysis
6.7.1.1 Associative memory, empathising and systemising
A linear regression was calculated to predict RTME (empathising) score 
based on Say What (AM) performance. The regression model (say what) 
significantly predicted RTME score (F (1, 54) = 4.485, p<0.05). There was a 
small (R =.28) relationship between Say What score and RTME and the 
model could explain 8% of the variance (R2 = .08, Adjusted R2 =.06) (p = .28, 
t (54) = 2.11, p<0.05: 95% Cl .027 - .988). Participants’ predicted RTME 
score was equal to 21.64 + .51 (say what) when say what is measured in 1 
point per correct response. RTME score increased .51 for each correct 
response on the say what task.
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Table 10: The unstandardized and standardised regression coefficients for
the predictor variable RTME
B SE B B
Constant 21.64 1.39
Say what .51 .24 .28*
*p<0.05, **p<0.01, R" .08
Regression modelling revealed that there was no significantly relevant 
relationship between EFT performance and the say what task {ns).
This suggests that, as hypothesised, like the findings in study one, AM 
shares a s ign ificant relationship w ith empathising.
6.7.1.2 Source monitoring error, empathising and systemising 
A linear regression was calculated to predict RTME score based on SME. 
The regression model (SME) significantly predicted RTME score (F (1, 54) = 
4.10, p<0.05). There was a small {R =.27) relationship between SME and 
RTME score, and the model could explain 7% of the variance {R2 = .07, 
Adjusted R2 =.05) (p = -.58, t (54) = -2.02, p<0.05: 95% Cl -1.15 - -.01). 
Participants predicted RTME score was equal to 25.10 + -.58 (source 
monitoring errors) when source monitoring is measured in 1 point per correct 
response. RTME score decreased .58 for each source monitoring error.
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Table 11: The unstandardized and standardised regression coefficients for
the predictor variable RTME
B SE B B
Constant 25.10 0.60
Source monitoring -.58 .29 -.27*
*p<0.05, **p<0.01, R2 .07
This suggests that although empathising shares a positive relationship 
with AM ability, greater empathising was also associated with greater 
source monitoring memory errors.
6.8 Main findings - study two
The results for study two provided support for the results of study one, 
confirming an association between social AM and empathising abilities using 
direct performance measures (RTME task) which extended to include stimuli 
that involved human interaction. Therefore testing different episodic memory 
brain systems and increasing the implications for social cognitive 
neuroscience. However, interestingly results here did not support the 
previous finding that systemising shared a negative relationship with AM 
ability. This is a significant finding as it questions the strength of the 
association between AM and the E-S continuum as a whole. However, 
intriguingly, the same trend was evident in false memory performance, in that 
SME was associated with empathising, but not systemising. This result could 
perhaps be explained by the particular task employed to measure
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systemising ability in study two. The EFT measures global versus local 
processing (attention to detail), which is arguably just one small element of 
systemising; therefore, it would be interesting to include other systemising 
tasks to see if similar results are obtained, a notion which is worthy of future 
investigation .
The investigation into SME in relation to the E-S continuum is the first of its 
kind (to the knowledge of the author). The judgement that false memory was 
in fact a significant predictor of empathising ability is perfectly fitting with the 
view that if  it is an accurate postulation that the ASD-schizophrenia 
continuum can overlap with the E-S continuum (Brosnan et al., 2010: Jones 
& Lesk, 2013), we would expect higher empathisers to (¡) perform better on 
tasks of episodic memory and (ii) be more susceptible to false memories due 
to the theorised link between higher empathisers and schizophrenia (Chapter 
5). This is a significant finding, both in furthering the knowledge of specific 
cognitive abilities in relation to the E-S continuum, and also, in providing 
support for the notion of a linkage between the E-S and the ASD- 
schizophrenia (IBT) continuums. Thus, the results obtained here offer the 
literature, novel characterisation of the EFB profile. In that, there is now 
evidence to suggest that the feminised profile will not only be characterised 
by greater empathic understanding alongside a deficit in systemising, but 10
10 N o te : Alternative explanation for this particular trend may lay in the lack of support for the 
fundamental ‘trade-off relationship between empathising and systemising, an investigation 
that is the primary focus of Chapter 10 of this thesis. Chapter 10 questions the validity of the 
fundamental principles of the E-S theory as an accurate model of cognitive profiling, and this 
argument is also a repeated trend in Chapters 7 and 8.
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also, show greater ability in episodic memory alongside a subtle susceptibility 
to source monitoring failure.
6.9 General discussion
The primary aim of this two-part study was to explore additional aspects of 
cognition that could possibly predict a person’s place on the E-S continuum 
(other than empathising and systemising) and furthermore, contribute to the 
knowledge of cognitive processes which may possibly be implicated in the 
investigation into the cognitive uniqueness of the EFB.
By exploring aspects of episodic memory such as SM, AM and SME (Study 
2) in relation to the E-S continuum, results here put forward that episodic 
memory and SME can indeed be significant cognitive markers on the E- 
S continuum, specifically when information involves a social context. 
Meaning that as a person’s place on the continuum places further towards 
the ‘female’ end of the E-S continuum, their aptitude for episodic memory 
increases. It also means that although capacity for episodic memory is 
increased, proneness to SME is also increased in the feminised profile. This 
finding is the first to the researcher’s knowledge that is supportive of the 
trend in episodic memory predicted by the IBT (Badcock, 2011). For 
instance, the IBT predicts that episodic memory ability would be advanced 
towards the ‘female’ end if the continuum, which is supported in this study. 
Yet, a deficit in episodic memory would be apparent towards the EFB end of 
the continuum due to the manifestation of schizophrenia (Badcock, 2011). 
We can infer from these results that as a person plots further towards the 
female end of the continuum, their episodic memory ability is advanced,
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however they are also susceptible to greater SME, seemingly due to the 
association between SME and positive schizophrenia (Lenzenweger & Gold, 
2000; Brebion et al., 2002; Brebion et al., 2013; Gonzalez-Ortega et al., 
2013), and therefore supportive of the prediction of the IBT (Badcock, 2011). 
This study therefore furthers the knowledge on the cognitive profiles that 
exist on the E-S continuum and can boast a new cognitive measure that is 
implicated in the E-S theory model.
6.9.1 Interpretations
Firstly, considering the prominent finding that AM was a significant cognitive 
marker on the E-S continuum, [and if we take for granted that empathising 
and systemising abilities are gendered, which, collectively findings tend to 
support (see Baron-Cohen, 2003)], it could be argued that our results are in 
line with that of previous studies which found a female advantage during 
episodic memory tasks (Herlitz et al., 1997,1999; Herlitz & Yonker, 2002; 
Yonker et al., 2003; Herlitz & Rehnman, 2008), (specifically tasks which 
involve the remembering of faces [Lewin & Herlitz, 2002] as was employed 
in both Study 1 and 2). A male advantage in episodic memory is usually 
evident for stimuli that implicates visuospatial processes (Herlitz et al., 
1997,1999; Lewin et al., 2001). This links with the results of study one which 
found that performance on the MROT and the EFT (systemising tasks) was 
significantly predicted by greater levels of correct pairings on the inanimate 
(shapes) AM task, but interestingly, not social (facial expressions) AM. 
Neurologically speaking, the finding that social AM was a significant 
predictor of empathising and systemising may be linked with the notion that
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patterns of amygdala activation have been found to differ between males and 
females on emotional memory processes (Cahill et al., 2001, 2004). For 
instance, enhanced memory ability is associated with activation of the right 
amygdala for males on viewing emotional stimuli; however, in females left 
amygdala activation is associated with memory for emotional stimuli (Cahill et 
al., 2001, 2002). These findings led Cahill et al. (2001) to conclude that 
neurobiology must consider the important role of gender in emotional 
memory processes. This line of thinking is advocated here, as it is offered 
that cognitive processes that are influenced by gender, such as empathising 
and systemising ability (Baron-Cohen, 2003) can be significantly associated 
with memory networks, which suggested that gender/sex differences plays a 
significant role in this relationship.
Is it the case that empathisers encode emotional stimuli with greater detail 
than systemisers do? For instance, is it feature binding of social stimuli that is 
more pronounced in empathisers (Johnson & Raye, 1998), or perhaps 
enhanced activation of memory processes due to a preference for the 
stimuli? Further research that incorporates neuroimaging such as event 
related potentials (ERPs) for instance would be useful to further comprehend 
these findings.
Secondly, it was hypothesised (based on the knowledge that schizophrenia 
participants often demonstrate SMEs [Lenzenweger & Gold, 2000; Brebion et 
al., 2002; Brebion et al., 2013; Gonzalez-Ortega et al., 2013]), that higher 
empathisers would demonstrate greater susceptibility to SME, based on the 
notion that the IBT has the potential to accurately characterise the EFB. Not 
only has this study found evidence of a link between episodic memory
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capacity and the E-S continuum (Study 1); it has also provided support for 
the link between higher empathising and greater susceptibility to SMEs 
(Study 2). In turn, these results support the hypothesis that the E-S theory 
and the IBT can accurately fit together to explain the unknown pathology of 
the EFB profile. This is a significant finding and the first to the author’s 
knowledge to link the two theories together using a stringent and controlled 
cognitive paradigm which goes beyond questionnaires measuring 
empathising, systemising and self-report ASD and schizotypy traits.
Thirdly, considering the apparent links between memory ability and ToM 
(Perner, et al. 2007; Bright-Paul et al. 2008), an interesting and important 
area for future research would be the investigation of the hMNS (Chapter 3, 
section 3.6.1) in relation to the E-S continuum. For instance, Badcock and 
Crespi (2008) postulate that ToM processes in ASD and schizophrenia are 
diametrically opposed. They advise that ToM in ASD individuals presents as 
a deficit due to an underdeveloped hMNS whereas ToM in schizophrenia 
presents as a deficit because of an overactive or deregulated hMNS which 
causes ToM to be so sensitive it becomes dysfunctional. Greater MU rhythm 
suppression has been found in schizophrenia patients compared to 
psychosis and control samples (McCormick et al., 2012). However, how this 
compares to ASD samples has not been determined. We would expect that 
ASD and schizophrenia would show contrasting patterns of activation in 
imaging studies when investigating social brain processes (Badcock & 
Crespi, 2008). It would be interesting to further explore the notion of a 
diametric relationship in MNS activity in relation to the extreme ends of the E-
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S and IBT continuums which would allow the knowledge pertaining to this 
field of social cognitive neuroscience to progress further.
6.9.2 Conclusions
This study employed a novel episodic memory paradigm which explored SM, 
AM and SME in relation to the E-S continuum using both still pictures and 
social interactive measures in order to quantifying memory capacity. Results 
revealed that AM and SME can indeed be significant cognitive markers on 
the E-S continuum, specifically when the information participants were 
processing involved a social context. These findings confirm that there is 
evidence to suggest that the EFB profile will not only be characterised by 
greater empathic understanding, alongside a deficit in systemising, but also 
show greater ability in episodic memory, alongside a subtle susceptibility to 
source monitoring failure. Significantly, this deduces that memory ability can 
be a telling indication of where a person may place on the E-S continuum. 
This study not only furthers the knowledge pertaining to the cognitive 
correlates of the E-S model, but it has also advanced the debate on the 
compatibility between the E-S theory and the IBT continuum and provided 
novel implications for the field of social cognitive neuroscience.
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6.10 Chapter summary of key points
• This chapter focused on the identification of cognitive functioning that 
had not previously been considered in relation to the E-S model.
• The rationale for the investigation into memory ability and the E-S 
theory was derived from the hypothesis of the IBT that posits episodic 
memory ability will be advanced in higher empathisers. Thus, allowing 
exploration into the links between the E-S theory and the IBT.
• The two-part study administered novel source monitoring and AM task 
paradigms in university student samples.
• Results revealed that both AM ability and the frequency of SMEs are 
a predictive cognitive marker of a person’s place on the E-S 
continuum, specifically when the memory involved a social context.
• This is the first study to the knowledge of the researcher that has 
investigated memory in relation to the E-S theory and the IBT. Not 
only does this establish new knowledge in relation to the other 
cognitive networks that are implicated in the E-S model, it also 
provides the first study to find empirical support for the IBT’s 
postulation that higher empathisers are likely to experience source 
monitoring failure, based on the theorised link between diminished 
episodic memory capacity and schizophrenia.
• The following chapter directly investigates E-S theory ‘brain types’ in 
relation to schizotypy.
107
Chapter 7
Empathising -  systemising ‘brain types’ and their 
relationship with schizotypy, eating disorder and anxiety11
7.1 Introduction
It has been proposed that a bias in innate sex differences at extreme levels 
can significantly contribute to the development of particular 
neurodevelopmental disorders (Baron-Cohen, 2002; Badcock & Crespi, 
2008). The aim of this experiment was to explore the specific characteristics 
of the ‘brain types’ (see Chapter 3, section 3.4) proposed by E-S (Baron- 
Cohen, 2003) in relation to proposed pathological consequences of these 
innate sex differences. This chapter investigates if it is plausible that 
schizophrenia, eating disorder (ED) or anxiety disorder (AD) could be 
considered an accurate consequence of a type E brain profile.
7.1.1 Background
The observation that ASD can convincingly be linked with sex differences in 
terms of behaviour and cognitive preferences (e.g. systemising and 
empathising) led to the development of the E-S theory (Baron-Cohen, 2003). 
See Chapters 3 and 4 for details. To briefly recap, the E-S theory proposes 
that sex differences in cognition have become hard-wired due to a process of 
brain plasticity adapting to reflect historical social gender roles played by *V.
11 Some of the information presented in this chapter is subject to a manuscript in preparation 
entitled ‘Empathising -  systemising brain types in relation to schizotypy’ by S. L. Jones and
V. Lesk.
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males (systemisers) and females (empathisers) (Baron-Cohen, 2003). 
Empathising is our intuitive ability to understand social surroundings, to 
communicate with others, and appreciate that other people have a state of 
mind that might be different from our own. It also encompasses our ability to 
respond appropriately to other people’s behaviour, even when we cannot 
predict what it might be (Baron-Cohen, 2004). Systemising on the other 
hand, refers to our spontaneous aptitude to analyse systems, to have a 
preference for things that can be understood by cause and effect or input- 
output logical, rather than unpredictable mechanisms and do so with relative 
ease (Baron-Cohen, 2004).
The E-S theory (Baron-Cohen, 2003) ascertains that by quantifying levels of 
empathising and systemising ability, it is possible to plot people on a 
continuum of cognitive profiles according to their ‘brain type’ (see Figure 10).
BRAIN TYPE COGNITIVE PROFILE
EXTREME TYPE S (S » E )  
(EXTREME MALE BRAIN)
Significantly advanced systemising ability 
alongside a major deficit in empathising ability
TYPE S (S>E)
Subtle advanced systemising ability alongside a 
subtle deficit in empathising
TYPE E = S 
(BALANCED BRAIN)
Balanced brains are those which present with no 
advantage or deficit in either empathising or 
systemising
TYPE E (E>S)
Subtle advanced empathising ability alongside a 
subtle deficit in systemising
EXTREME TYPE E (E » S )  
(EXTREME FEMALE BRAIN)
Significantly advanced empathising ability 
alongside a major deficit in systemising ability
Fig. 10: The E-S theory brain types (Baron-Cohen, 2003)
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The extreme type E profile, also known as the EFB (Baron-Cohen, 2003), Is 
characterised by superior cognitive ability in ToM processing and social 
intelligence (empathising) alongside a severe deficit in systemising intellect. 
The EFB (as yet), has not been convincingly linked to any known 
pathological consequence (Baron-Cohen, 2003). However, it is suggested 
that it is probable that sex differences at extreme levels like those theorised 
in the EFB profile would realistically result in clinically relevant pathology that 
disrupts daily living significantly enough to require diagnosis and intervention. 
The IBT (Badcock & Crespi, 2008) offers us (indirectly) a plausible candidate 
for a pathological consequence of the EFB. It posits that ASD and 
schizophrenia exist as on a continuum as diametric opposites as disorders of 
the social brain.
The proposal of the ASD -  schizophrenia continuum has led some 
researchers to investigate the compatibility between the E-S theory and the 
IBT, to establish if schizophrenia is in fact a plausible candidate for the 
pathological consequence of the EFB profile. So far, preliminary support for a 
positive association between empathising and schizotypy has been reported 
(Brosnan et al., 2010; Jones & Lesk, 2013), however a consistent 
relationship between schizotypy and systemising ability has not been 
apparent (Russell-Smith et a(., 2010).
In addition, Chapter 6 of this thesis supports the association between a 
feminised profile and indicators of SME, which is predicted by the IBT to be 
evident in schizotypy, thus providing preliminary support for the compatibility 
between the feminised and schizophrenic phenotypes. This chapter suggests 
that whilst an association between empathising ability and schizotypy can
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boast some limited support, overall, the link between the EFB profile and 
schizophrenia as a pathological consequence is not well supported. This is 
because we would expect to observe a consistent negative association 
between systemising ability and schizotypy, and this relationship has yet to 
be established. Unless schizotypy and schizophrenia can be linked to both 
empathising and systemising processes in the pattern that would be 
expected by the EFB profile, the IBT does not offer us a pathological 
consequence to the allusive EFB pathology.
7.1.2 The EFB and disordered eating
Whilst the major investigation of this thesis is in relating schizophrenic 
phenotypes to the feminised profile, other researchers have taken a different 
approach in investigating possible pathological candidates for the EFB 
profile. For instance, Bremserand Gallup (2012) hypothesised an association 
between the EFB and disordered eating.
ED can exist both at clinical and general population levels, ranging from a 
preoccupation with controlling calorie intake, to severe life-threatening mental 
illness (MIND, 2013). Signals of ED can include obsessions with the amount 
of food consumed, constant worry about body weight and complete 
avoidance of particular food groups (MIND, 2013). Interestingly, disordered 
eating can often be the result of more than just a fear of becoming 
overweight; it often involves a way for the individual to feel in control, or can 
be an expression of painful feelings and can manifest as a coping 
mechanism to deal with difficulties in other areas of life (MIND, 2013). The
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most common ED is anorexia nervosa (referred to as ‘anorexia’ going forth), 
where the individual is under the illusion that they are overweight, even if 
they are perfectly healthy or even underweight (NIMH, 2016). To control this, 
individuals with anorexia excessively limit the amount of food they consume, 
resulting in becoming dangerously underweight (NIMH, 2016). Another 
common eating disorder is bulimia nervosa (bulimia). Bulimia is characterised 
by out of control intermittent overindulging on copious amounts of food 
followed by forced vomiting as a way of controlling calorie intake (Russell, 
1979). According to the NIMH (2016), any type of disordered eating is most 
likely to occur during adolescence and the early 20s and affects both 
genders. In addition, it is most likely influenced by genetics as the condition 
has a tendency to run in families. All types of disordered eating are related to 
an obsession with food and calorie intake, whether it been under or over 
consumption of food. The manifestation of ED ultimately leads to range of 
harmful psychological and physical consequences that usually require 
professional medical intervention (NIMH, 2016).
Bremser and Gallup (2012) hypothesise an association between ED and the 
EFB profile for a number of reasons. Firstly, they state that EDs exist on a 
continuum much like ASD (the pathology of the extreme masculinized 
cognitive profile). Secondly, females are 10 times more likely than males to 
be diagnosed with an eating disorder. Therefore, Bremser and Gallup (2012) 
propose that there are some obvious similarities between the principles of the 
E-S theory and ED. Further to this, Bremser and Gallup (2012) offer that 
there is also evidence that androgens and estrogens play an important role in 
the development of ED, specifically anorexia and bulimia, much like the role
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of hormones in ASD. Interestingly in terms of the possible links with the type 
E profile, lower levels of fT (measured by the 2D:4D proxy) have been found 
to be associated with higher prevalence of EDs (Quinton et al., 2011). It is 
also considered by Bremser and Gallup (2012) that the manifestation of EDs 
are likely linked to ‘fear of negative evaluation’ anxiety (FNE), an anxiety 
experience that results in the avoidance of any social situation that involves 
anticipated negative evaluation by others (Waston & Friend, 1969). FNE is 
likely to be appropriate here, in that weight gain can be associated with the 
fear of the judgement by others in social situations (Bremser & Gallup, 2012). 
In support of this, other researchers have found that anxiety is often a 
common co-morbidity of ED (Garfinkel et al., 1995; Rowe et al., 2002; Keel et 
al., 2005; Swinbourne & Touyz, 2007). Including conditions such as panic 
disorder, agoraphobia, specific and social phobia, generalized anxiety 
disorder and post-traumatic stress disorder (Hudson et al., 2007).
In their four-part study Bremser and Gallup (2012) found that (in experiment 
one) those who demonstrated a bias for empathising over systemising 
scored significantly greater on scores of disordered eating and FNE anxiety 
in a healthy female sample, suggesting support for a possible association 
between the EFB, eating disorder and fear of negative evaluation. 
Furthermore, they found that self-report empathising was consistently 
positively correlated with greater levels of ED and FNE traits (this result was 
replicated in the further three experiments), yet on closer inspection of these 
studies, throughout, systemising failed to show a consistent association with 
either ED or FNE. The only significant finding pertaining to systemising 
cognition was a negative correlation between performance on the mental
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rotation task and self-report ED in the fourth experiment. However, consistent 
associations between systemising and ED and FNE were evident.
Bremser and Gallup (2012) are the only researchers to the researcher’s 
knowledge to have investigated the links between the EFB profile and ED 
traits. However, Hambrook and colleagues (2008) were interested in the 
relationship between ASD traits, empathising, systemising and in-patient 
anorexia. They reported no significant differences on scores of empathising 
or systemising in anorexia patients when compared to healthy controls 
(female only sample). Yet, they did find that anorexia patients scored 
significantly higher on ASD traits than matched controls, which implies a link 
between ASD traits and anorexia, going against the trend expected if ED is a 
likely EFB candidate.
Despite the findings by Bremser and Gallup (2012), this chapter argues that 
there is substantially more support for a probable link between a type S 
(S>E) profile rather than a type E profile, and ED. For instance, cohorts with 
anorexia have been found to have elevated levels of ASD traits (Baron- 
Cohen et a!., 2013; Tchantura et al., 2013) and Wentz et al. (2005) advises 
that 23% of people with a diagnosis of anorexia meet the cut off for diagnosis 
of ASD. Tchantura et al. (2013) propose there is support for a significant 
overlap between anorexia and ASD in terms of cognitive and behavioural 
features, rather than a discrepancy. For instance, impaired recognition of 
facial emotion and poorer performance on ToM tasks, similar to those 
reported in ASD, have been observed in both clinically relevant disordered 
eating (Kucharska-Pietura et al 2004; Tchanturia et al., 2004; Pollatos et al., 
2008; Jansch et al., 2009; Russell et al., 2009; Harrison et al., 2010a,b) and
114
non-clinical but ‘at risk’ cohorts (Jones et a!., 2009; Ridout et al., 2010,2012 
;Sharpe et al., 2016). These findings suggest a deficit rather than an 
advantage in empathising is associated with ED behaviours. Further to this, a 
systemising profile similar to that of ASD individuals has been observed in 
cohorts with ED, for instance, superior ability on the EFT has been found to 
be associated with ED (Lopez et al., 2008). Additionally, Oldershaw et al. 
(2011a) employed the ‘reading the mind in the films and voices’ task (Golan 
et al., 2006) to measure cognitive empathy and the Wisconsin card sorting 
task and the EFT to measure systemising in an in-patient ED cohort. They 
concluded that ED individuals present with cognitive profiles that are similar 
to individuals with ASD, where ToM was disadvantaged and systemising 
ability was advanced.
Moreover, there is evidence of shared endophenotypes in both ASD and 
anorexia (Zucker et al., 2007; Treasure, 2007; Oldershaw et al., 2011b; 
Treasure, 2013), along with atypical brain structure in ED similar to that 
which is usual in ASD (Zucker et al., 2007). Also, children with ASD have 
found to have significantly more disordered eating traits than controls 
(Schreck et al., 2004), again, supportive of a stronger link between a type S 
profile and ED, rather than a probable EFB candidate. However, this chapter 
suggests that it is unclear if these behaviours involve the manifestation of 
ED, or are they the result of obsessive and compulsive behaviours that are 
associated with ASD itself?
Bremser and Gallup’s (2012) findings are interesting, however, as previously 
alluded to; there is no strong evidence of a consistent relationship between 
systemising and ED or FNE reported in their studies. This suggests that the
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declaration of a link between the EFB and ED is relatively weak. These 
findings require replication and scrutiny especially in terms of the 
consideration of systemising abilities, in order for any real conclusions to be 
made.
7.1.3 The EFB and anxiety
Pertaining to sex differences in the prevalence of ADs, anxiety and stress 
related disorders are consistently more prevalent in females than males (Turk 
& Heimberg, 1998; Weinstock, 1999; Armstrong & Nigar, 2002; Vesga-Lopez 
et al., 2008; McLean & Anderson, 2009; Bangasser et al., 2010; Mclean et 
al., 2011). Because this trend is seen across cultures (Altemus, 2006), there 
is an argument that females are more than likely genetically predisposed to 
ADs compared to males (see McLean & Anderson, 2009 for a detailed 
review). It is also suggested that it is more than likely that reproductive 
hormones play an important role in the manifestation of feelings of anxiety 
(Altemus, 2006). For instance, lower levels of estrogen and progesterone are 
thought to contribute to the experience of greater levels of anxiety and stress 
responses reported in premenstrual females (Seeman, 1997) and levels of 
estrogen significantly affect the course of preexisting anxiety disorders 
(Pigott, 1999). Furthermore, social anxiety is a usual co-occurrence (Bremser 
& Gallup 2012) and a pre-occurrence of the manifestation of an ED (Kaye et 
al. 2004; Steinhausen 2002), suggesting that it is possible that the 
manifestation of disordered eating may sometimes be the result of underlying 
AD.
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Bremser and Gallup (2012) employed 122 participants from a student sample 
and found EQ scores were positively associated with higher self-report 
anxiety levels. Moreover, other investigators have hypothesised that 
individuals with social anxiety will likely show greater empathising abilities. 
This is due to a heightened concern pertaining to the perceptions other 
people might have about them, resulting in better than average social 
perception abilities (Tibi-Elhanany & Shamay-Tsoory, 2011). However 
adversely, it is also widely reported that ASD often presents with co-morbidity 
of AD (Ghaziuddin et al., 1998; Munis & Steerneman, 1998; Kim et al., 2000; 
Tatum, 2000; Kessler et al., 2005; Russell & Sofronoff, 2005; White et al., 
2009; Davis et al., 2011). In fact, the prevalence of AD is approximately 50% 
in ASD (White et al., 2009) compared to just between 2% and 5% in the 
general population (Airaksinen et al., 2004), with higher-functioning ASD 
experiencing even greater levels of anxiety (Weisbrot et al., 2005). However, 
we make the argument here that it is probable that it is more likely the case 
that feelings of anxiety manifest in ASD as a result of the complexities of 
living with ASD, rather than a shared aetiology between ASD and AD. 
Supportive of this line of thinking, the presence of the experience of anxiety 
in ASD typically worsens during adolescence, possibly due to the increasing 
complexity of the social environment at this time. This could be due to people 
becoming more aware of their own difficulties with social communication, 
hence causing enhanced levels of anxiety (White et al., 2009).
Is there an argument to be made here that it is specifically the anxiety 
component of the ED hypothesis that is a more plausible match for the 
cognitive profile of the EFB, when considering the apparent female bias in
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prevalence of the disorder? This chapter suggests that this is a reasonable 
theory and is worthy of investigation.
7.2 The present study: research aims
The novelty of the present study was that, considering the issues surrounding 
the inconsistencies in terms of the relationship between schizotypy, ED, 
anxiety and systemising, the aim here was to quantify E-S theory ‘brain 
types’ in order to comprehensively explore the suggested links between 
these disorders in relation to the potential pathology of the EFB. The 
justification for this method is that Bremser and Gallup (2012) conclude 
evidence to suggest a link between ED, fNE and the EFB profile without fully 
considering that such an association must incorporate systemising as much 
as empathising, to be in line with the theoretical characteristics of the EFB. 
The overall rationale here is that by quantifying the sample into brain types 
according to self-report empathising and systemising scores, this method will 
provide a more accurate investigation into the possible pathological 
characterisation of the EFB as it incorporates empathising and systemising 
equally.
7.3 Methods
7.3.1 Participants
A total of 158 participants took part in the study. Respondents were recruited 
from the University of Bradford and the general population via various social 
media channels. Gender was not recorded, as analysis was carried out using 
‘brain types’ (Carroll & Yung, 2006); the postulation that gender is not a
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determinant of brain type, that level of exposure to fT masculinises and 
feminises the brain. The mean age recorded by participants was 34 years 
(±SD= 14.01, Range= 56). Inclusion criteria specified that participants must 
have (i) no clinical diagnosis of mental illness or neurological disorder (ii) a 
fluent understanding of English language (¡¡¡) must not have taken part in 
previous studies conducted by the researcher in the past (due to over 
exposure effects). Ethical approval was obtained from the Humanities, Social 
& Health Science Research Ethics committee at the University of Bradford.
7.3.2 Design
An independent groups design was employed in which the sample was 
categorised (post data collection) into ‘brain types’ using the method by 
Carroll and Yung (2006).
7.3.3 Materials
Self-report measures were administered which aimed to measure 
empathising and systemising, schizotypy, ED, fNE and generalized AD.
The Empathising Quotient (EQ) - The short form (EQ-S) version of the EQ 
(Wakabayshi et al., 2006b) measuring self-report cognitive and affective 
empathy was administered. (See section 6.3.3.2 and appendix 1).
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The Systemising Quotient (SQ) - The short form version (SQ-S) of the SQ 
was employed, which measures self-reported ‘everyday’ systemising ability 
(Wakabayshi et al., 2006b). (See section 6.3.3.2 and appendix 2).
The Oxford and Liverpool Inventory of Feelings and Experiences (O- 
LIFE)- The O-LIFE (Mason, et al., 2005) is designed to measure schizotypal 
personality; it is specifically employed to measure schizotypy in the healthy 
population. It consists of 43 statement questions which participants respond 
with a yes/no option. It measures four dimensions of schizotypy; unusual 
experiences (UnEx), cognitive disorganisation (CogDis), impulsive non­
conformity (ImpNon) and introvertive anhedonia (InAn). A higher score is 
representative of higher trait levels of psychosis. The four dimensions can be 
scored collectively for a ‘schizotypy’ score or scored individually in order to 
look at the dimensions separately. Full inventory can be found in appendix 4.
Eating attitudes scale (EAT-26) - The EAT-26 (Garner, et al., 1982) is a 
specifically designed standardised measure of ED and the severity of ED 
traits. Comprising of 26 items, the short form version with six response 
options was employed. The scale measures three factors of ED (i) focusing 
on dieting (ii) bulimia and (iii) food preoccupation. It is the most widely used 
and reliable measure of EDs (Bremser & Gallup 2012). Full inventory can be 
found in appendix 5.
GAD-7 Anxiety (GAD-7) - The GAD-7 (Spitzer, et al., 2006) is a self-report 
measure used to determine level of generalised AD. It consists of seven 
statement items and a four point Likert scale response format. Internal 
consistency and good re-test reliability have been reported (Lowe et al.,
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2008; Spitzer et al., 2006). A higher score indicates a higher level of 
generalised AD traits. Full inventory can be found in appendix 6.
Fear o f negative evaluation scale (FNE) - The FNE (Leary, 1983) is a self- 
report measure of social anxiety and social avoidance. It is designed to 
measure specifically anxiety surrounding possible negative evaluations by 
other people. The brief version (bFNE) was administered in this study, which 
includes 12 statement items with Likert scale response format. A higher 
score indicates higher levels of social anxiety traits. Full inventory can be 
found in appendix 7.
7.3.4 Procedure
All participants completed the battery of measures online using a specifically 
designed survey website. Before beginning the battery, respondents were 
required to read the information sheet pertaining to the study and if happy to 
proceed, completed the online consent process. The battery of measures 
was administered in the same order to all participants. Respondents took 
approximately 40 minutes to complete all measures. Responses from 
participants who failed to complete the whole battery of measures were 
automatically excluded from the data set by the survey software.
7.4 Results
The aim of this study was to explore schizotypy, ED and AD traits in relation 
to the E-S theory ‘brain types’ in a neurotypical population sample (n= 158). 
Analyses were carried out using the Statistic Package for the Social Sciences
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(SPSS) version 20.0 using score data. Any missing variables were excluded 
pairwise.
The sample was categorised into groups of ‘brain types’ using the method 
offered by Carroll and Jung (2006). EQ-S and SQ-S scores were firstly 
converted to z-scores and the difference between the scores was calculated. 
A score of >1.00 was suggestive of a bias for a systemising profile or a ‘type 
S’ brain. A score of <-1.00 suggests a bias for an empathising profile or a 
‘type E’ brain and scores between -1.00 and 1.00 represents a ‘balanced 
brain’ profile, which is neither a bias in empathising or systemising. Ranges, 
means and standard deviations by ‘brain type’ can be found in Table 12.
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Table 12: Means and standard deviations for scores on all variables
BRAIN TYPE SCALE n MEAN ±SD
MIN-MAX
POSSIBLE
SCORE
O-LIFE 18 20.28 8.19 0-43
UnEx 21 5.29 2.51 0-12
Cog Dis 22 6.09 3.52 0-11
Type S In An 21 3.95 2.62 0-10
(n = 23) ImpNon 21 4.19 2.38 0-10
EAT-26 21 8.48 7.59 26-156
GAD-7 22 5.05 5.06 0-21
bFNE 22 32.05 9.93 12-60
O-LIFE 77 15.19 6.74 0-43
UnEx 83 4.90 2.79 0-12
CogDis 84 4.76 2.94 0-11
Balanced brains In An 82 2.43 2.20 0-10
(n = 85) ImpNon 81 3.11 1.86 0-10
EAT-26 71 11.52 9.50 26-156
GAD-7 85 6.34 5.33 0-21
bFNE 80 39.89 9.93 12-60
O-LIFE 19 13.21 7.15 0-43
UnEx 22 3.50 2.94 0-12
CogDis 23 4.22 2.78 0-11
Type E In An 20 2.25 1.86 0-10
(n = 24) ImpNon 24 2.75 1.98 0-10
EAT-26 19 7.68 6.34 26-156
GAD-7 24 4.83 4.40 0-21
bFNE 24 34.63 11.89 12-60
N o te : 0-LIFE= Oxford and Liverpool inventory of feelings and experiences (total score); 
UnEx= O-LIFE unusual experiences; CogDis= O-LIFE Cognitive disorganisation; lnAn= O- 
LIFE introvertive anhedonia; lmpNon= O-LIFE impulsive nonconformity; EAT-26= Eating 
attitudes test; GAD-7= GAD-7 anxiety; bFNE= Fear of negative evaluation (brief)
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7.4.1 Schizotypy
One-way analysis of variance (ANOVA) was conducted to explore the impact 
of brain type on levels of schizotypy as measured by the O-LIFE scale. There 
was a significant difference between the three groups (F (2,111) = 5.20, 
p<0.01), r j2 = 0.09. Post-hoc comparisons indicated that type S brains (M= 
20.28, ±SD= 8.19) scored greater than type E brains (M= 13.21, ±SD= 7.15), 
and balanced brains (M= 15.17, ±SD= 6.74), but there was no significant 
difference in schizotypy scores between balanced and type E brains.
The O-LIFE scale comprises of four dimensions; ANOVA analysis revealed 
that brain types scored differently on the InAn dimension (F (2,120) = 4.33, 
p<0.05, r j2 = 0.07) and the ImpNon dimension (F (2,123) = 3.32, p<0.05, r j2 
= 0.5). No differences on the other scales were evident although trends were 
apparent [UnEx (p = 0.06), CogDis (p = 0.09)]. Post-hoc tests revealed the 
difference in score on the InAn scale was between the type S (M= 3.95, 
±SD= 2.62) and type E (M= 2.25, ±SD= 1.86) brains, type S and balanced 
(M= 2.43, ±SD= 2.20) brains, but not balanced and type E brains. The 
difference between scores on the ImpNon scale lay between type S (M= 
4.19, ±SD= 2.38) and type E brains (M= 2.75, ±SD= 1.98), but not balanced 
(M= 3.11, ±SD= 1.86) and type S brains or balanced and type E brains.
7.4.2 Eating disorder
ANOVA analysis offered that there was no difference between brain types on 
scores on the EAT-26 [ns).
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7.4.3 Anxiety
ANOVA analysis offered that there was no difference between brain types on 
scores on the GAD-7 scale {ns).
7.4.4 Fear o f negative evaluation
ANOVA analysis offered that there was no difference between brain types on 
scores on the bFNE scale (ns).
7.5 Discussion
This study aimed to investigate E-S theory ‘brain types’ in relation to 
dimensional schizotypy, disordered eating and anxiety traits. The purpose of 
this study was to contribute to the wider question of whether or not there is a 
fitting pathological consequence of the EFB.
Results here offer no support for previous findings that supported an 
association between a hyper-empathising profile, disorder eating, and fNE 
anxiety (Bremser & Gallup, 2012). It was argued in the introduction that in 
order to conclude any convincing evidence of an association between any 
personality trait or pathological condition and the EFB, the model must 
incorporate the role of systemising as well as with empathising. These 
results, which employed a model to incorporate systemising ability by 
quantifying E-S brain types, showed no difference between type E, type S 
and balanced brains on measures of disordered eating or FNE, therefore we 
do not advocate ED or FNE to be an accurate candidate for the allusive EFB 
profile and reject previous findings. Bremser and Gallup (2012) failed to find 
a consistent relationship between systemising, ED or FNE, therefore we
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argue that, considering this important aspect, there is not sufficient evidence 
to argue that ED or FNE are plausible candidates for the pathological 
consequence of the EFB as Bremser and Gallup (2012) have previously 
suggested.
Results here also fail to support an association between anxiety and the type 
E brain, as type E, S and balanced brains did not score significantly different 
on levels of social or generalised anxiety.
However, our results offer important and interesting findings in terms of the 
relationship between E-S theory brain types and schizotypy. It would be 
expected by the IBT (and results in Chapter 6) that a profile with greater 
empathising ability and lesser systemising would present with greater levels 
of schizotypy. Overall, our results demonstrated that type S brains scored 
greater on scores of schizotypy than both balanced brains and type E 
brains. This is a major finding and suggests that cognitive profiles that have 
a subtle advantage in systemising over empathising, experience greater 
schizotypy, going against the notion of the IBT.
The dimensional nature of schizophrenia signifies the importance of exploring 
the different expressions of schizotypy when quantifying these traits (Mason 
& Claridge, 2005). On closer inspection of the O-LIFE results, the difference 
in scores between the brain groups was evident on negative12 and 
impulsive nonconformity13 traits. Brain types showed no differences on
12 Negative symptoms of schizophrenia refer to reduced affect, the avoidance of intimacy 
and the lack of enjoyment from social situations (Mason & Claridge, 2005).
13 Impulsive nonconformity refers to impulsive behaviours, a lack of self-control and anti­
social behaviours (Mason & Claridge, 2005).
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levels of positive14 or disorganised15 phenotypes, although directional trends 
were evident in way of greater scores for type S brains on both positive (p = 
0.06) and thought disorder (p = 0.09) dimensions, with type E brains scoring 
lowest on positive and thought disorder traits of the three profiles. This goes 
directly against the predictions that would be expected if schizotypy were to 
be associated with the EFB, showing little support for the ASD -  
schizophrenia continuum. Interestingly, these results provide confirmation of 
similar results reported in Chapter 9 of this thesis, which found that higher 
levels of ASD traits were associated with both negative and impulsive 
nonconformity dimensions of schizotypy.
In ways, we would expect type S brains to score greater on negative affect 
symptoms [flattened affect, poverty of speech and language (Andereasen, 
1982)] as these traits are common in ASD and as an extension, type S 
brains, due to the established links between the two cognitive profiles (Baron- 
Cohen, 2002). As for the unexpected relationship between greater levels of 
impulsive nonconformity and the type S brain, further investigation is 
warranted. We can think of impulsive nonconformity as a positive dimension 
of schizophrenia, therefore, to find that levels of impulsive nonconformity are 
greater in type S brains is perplexing for the idea that positive dimensions of 
schizophrenia would be associated with type E brains (Badcock & Crespi, 
2006). Impulsive nonconformity has been found to be a significant predictor 
of manic episodes of schizophrenia (Blechert & Meyer, 2005) and associated
14 Positive symptoms refer to magical thinking, hallucinations and paranoid ideation (Mason 
& Claridge, 2005).
15 Thought disorder refers to poor attention, social anxiety and poor decision making abilities 
(Mason & Claridge, 2005).
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with greater levels of creativity (Nettle, 2006; Batey & Furnham, 2008; 
Claridge & Blakley, 2009; Nelson & Rawlings, 2010), strengthening its 
relationship with positive symptomology. Troublingly, creativity is often 
diminished in ASD (Craig & Baron-Cohen, 1999). Further supporting the link 
between the experience of psychosis and creativity, similar functional brain 
activity has been found in psychosis and creative processing (Fink et al., 
2013). In fact, creativity has a long standing association with psychosis 
(Eysenck, 1999), which suggests our findings do not support the notion of the 
ASD - schizophrenia continuum, at least in healthy population samples, as 
theoretically we would expect greater levels of impulsive nonconformity in 
type E brains.
As for the higher level (trend only, p = 0.06) of thought disorder16 in type S 
brains compared to balanced and type E brains, further investigation is also 
required. It has been suggested by other researchers that thought disorder in 
ASD is probably not related to schizophrenia symptoms, but instead related 
to pragmatic language abnormalities that are present in individuals with ASD 
(Solomon et al., 2008). Nevertheless, thought disorder has been previously 
reported in ASD samples (Dykens et al., 1991; Volden & Lord, 1991; Baltaxe 
& D’Angiola, 1992; Ghaziuddin et al., 1995; Van der Gagg et al., 2005). 
Therefore, the fact that results in this study showed that type S brains were 
associated with greater thought disorder follows suit with the characteristics 
we would expect to observe on the E-S continuum.
16 A disruption to the flow of thoughts (Eussen et al., 2014).
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7.5.1 Concluding remarks
Baron-Cohen (2003) stated that as yet, there is no known pathology of the 
EFB, as we are yet to observe a pathology that is highly attune to 
empathising whilst encompassing a severe deficit in systemising. This study 
must conclude support for that statement. This is the first study, to the 
knowledge of the researcher, that has investigated ‘brain types’, in relation to 
schizotypy, ED and AD traits. It is concluded that no support for the notion of 
the IBT as an accurate characterisation of the type E brain has been found. If 
the principles of the IBT were accurate, relationship between psychosis and 
the type E brain profile should be evident in trait populations.
7.6 Chapter summary of key points
• This chapter explored the hypothesis that schizotypy is associated 
with a type E brain profile (Badcock & Crespi, 2008) by quantifying the 
sample into ‘brain types’ using the method by Carroll & Yung (2006), 
in relation to dimensional schizotypy.
• Results revealed that contrary to the hypothesis of the IBT, type S 
brains (those who scored lesser on empathising and greater on 
systemising abilities) scored greater on scores of schizotypy (overall) 
than both balanced brains and type E brains.
• This important finding does not support the IBT’s prediction that 
schizotypy is associated with the feminised profile. Instead, results 
demonstrated that a masculinised profile scores significantly higher on 
schizotypy traits, leading to the conclusion that schizotypy is
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associated with a systemising bias, not an empathising bias -  in direct 
opposition to the IBT.
• This however is not surprising when considering the difficulties with 
social intelligence experienced in ASD, which may lead to the 
expression of symptoms which are qualitatively similar to negative 
symptoms of schizotypy such as flattened affect, avoidance of social 
intimacy and situations.
• This study highlighted the importance of further investigating the link 
between schizotypy and the type E profile by exploring the individual 
phenotypes of schizotypy for a more accurate investigation into the 
potential pathology of the feminised profile.
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Chapter 8
Is the ‘female brain’ more likely to be associated with 
jumping to conclusions bias and paranoid ideation?17
8.1 Introduction and Background
Paranoid ideation is a major component of positive schizophrenic 
symptomology (Badcock & Crespi, 2006). The IBT speculates that positive 
symptoms of schizophrenia exist at the extreme end of a continuum of 
cognitive profiles, as the diametric opposite of ASD. It is plausible to consider 
that the IBT’s hypothesis may accurately characterise the cognitive profile of 
the E-S theory’s allusive EFB profile (Baron-Cohen, 2003). The E-S theory 
incorporates the well-established model of the EMB, in that ASD presents 
with a preference for a ‘systemising’ cognitive style (i.e. a tendency for 
structured, logical, cause and effect thinking) alongside a deficit in 
empathising ability (Baron-Cohen, 2002).
Previous studies have devised experimental research to assess the 
possibility that the EFB can be accurately characterised by the IBT, but so far 
have reported equivocal results. For instance, Brosnan et al. (2010) found 
that self-reported positive psychosis traits were positively correlated with self- 
reported empathic traits in a population of 70 healthy females. Further to this, 
Jones & Lesk (2013) also found that self-reported positive schizotypy traits 
shared a positive relationship with both self-reported and direct performance
17 Some of the information presented in this chapter is subject to a manuscript in preparation 
entitled 'Is the 'female brain' more likely to be associated with jumping to conclusions bias and 
paranoid ideation? by S. L. Jones and V. Lesk.
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measures of empathising (measured by ToM tasks), in a neurotypical sample 
of 21 females and 10 males. Interestingly, Jones & Lesk (2013) also found a 
smaller negative relationship between self-report positive schizotypy traits 
and some measures of systemising ability. This lends support at a healthy 
population level to the concept of the diametric ASD-schizophrenia 
continuum. Additionally, Russell-Smith et al. (2010) considered local versus 
global processing (to investigate systemising cognition) in relation to the 
predictions of the IBT. They concluded that in two groups of 20, one defined 
by low autistic traits alongside high schizotypy and the other defined by high 
autistic traits alongside low schizotypy, the group identified as low autism - 
high schizotypy were significantly slower in identifying embedded figures 
compared to the high autism - low schizotypy group. This too offers support 
for the predictions of the IBT continuum. Yet, in a large sample of 1001 
students (two studies), Russell-Smith et al. (2011) investigated the 
relationship between self-report measures of schizotypy and autistic traits 
and concluded little support for the diametric nature of the continuum. They 
instead found evidence for an overlap of autistic and schizotypy, in that those 
who reported greater autistic tendencies also reported greater schizotypy, 
offering little support for the IBT. Similarly, Chapter 9 of this thesis reports a 
comorbidity of self-reported schizotypy and autistic traits in a neurotypical 
sample of 157 participants, but only in negative symptoms18 and thought 
disorder19 phenotypes, whereas positive symptoms of schizotypy (as the IBT
18 Negative symptoms of schizophrenia include flattened affect, avoidance of intimacy and 
lack of enjoyment from social situations (Mason & Claridge, 2005).
19 Thought disorder in schizophrenia pertains to poor attention, decision making and 
symptoms relating to social anxiety (Mason & Claridge, 2005).
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would predict) did not show any association with the manifestation of ASD 
traits. Also, in a separate study (n = 57) reported in Chapter 7 type S brains 
were found to experience greater levels of schizotypy than type E brains. 
Again, these results fail to support the expected trend of the IBT. 
Furthermore, Dinsdale et al. (2013) examined the ASD - schizophrenia 
continuum in a large non-clinical student population of 380 females and 225 
males. They concluded limited support for the diametric relationship (evident 
only when involving social skills and visual spatial ability), yet also found 
evidence to suggest an overlap in certain traits (those which related to 
interest in and ability to understand social communication). However, these 
correlations were most strongly evident when involving negative symptoms of 
schizotypy and autistic traits. Collectively, results offer a complex and 
confusing experimental insight to the theoretical predictions of the IBT, and 
further investigation is warranted.
This reflection highlights the importance of further exploring the many 
questions surrounding the evidently complex relationship between ASD and 
schizophrenia.
Is the postulation of the diametric nature between the broad combined 
phenotypes of ASD - schizophrenia too simplistic? It seems significant to 
consider the notion that specific cognitive processes or behavioural or 
personality traits may share specific types of relationships with each other. 
Theoretically, the diametric nature of the two pathologies is plausible, if not 
convincing (see introductory chapters for detail). However, considering the 
shortage of experimental support for IBT, it seems necessary to explore with 
greater focus on the individual components of ASD and schizophrenia traits.
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To therefore investigate if it would be more accurate to suggest specific 
cognitive processes share specific types of relationships. By focusing on 
individual processes and abilities in isolation, we may be able to offer a more 
comprehensive investigation into the seemingly complex relationship 
between ASD and schizophrenia traits and ultimately how this relationship 
might relate to the E-S theory and answering the question of whether or not 
the IBT has in-directly suggested an accurate pathology for the elusive EFB.
The theoretical justification for the present study derives from the close 
affiliation between ToM and the experience of paranoia (Badcock & Crespi, 
2008; Thakkar et al., 2008). Also, the notion that the IBT is primarily a model 
of social brain dysfunction [i.e. the IBT suggests that positive schizophrenia 
occurs as a consequence of ToM processes which are so deficiently 
sensitive that they become dysfunctional (Badcock, 2009)]. The IBT 
proposes that people with positive schizophrenia symptoms ‘over-infer’ the 
intentions of others, which results in paranoid thoughts, as opposed to the 
significant lack of ToM demonstrated in ASD profiles, where one cannot 
attribute others’ mental states due to a severe deficit in ToM (Badcock & 
Crespi, 2006). Interestingly, and pertinent to this investigation, a review of the 
literature exploring the relationship with ToM and paranoia led Chan and 
Chen (2011) to conclude that whilst a deficit in ToM is widely reported in 
schizophrenia, the specific relationship between the separate components of 
schizophrenia (e.g., paranoid delusion) is a gap in the knowledge, in that so 
far, the relationship is little more than theoretical.
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8.1.1 Paranoia
Our ability to make judgements as to whether or not we can trust other 
people is a central part of our social intelligence (Freeman et al., 2008). It is 
thought that paranoid thoughts may arise from evolutionary adaptations, 
which have been helpful to our survival and have developed for the purpose 
of protecting us from threat (Ellett & Wildschut, 2012). Ellett and Wildschut 
(2012 p. 328) describe the main component of paranoia as ‘a perception of 
malevolence from another person or group’. It is a belief that others’ hold an 
intention to harm you in some way, characterised by ‘hypervigilance, 
emotional arousal and selective attention for threat’ (Isnanda et al., 2013, 
P-95).
It has been established that paranoia exists on a continuum much like 
empathising and systemising (sometimes referred to as the ‘paranoia 
spectrum’), where paranoid thoughts are frequently reported in the healthy 
population, yet not to the extent that the presence of these paranoid thoughts 
have any real effect on us or interfere with normal daily living (Freeman et al., 
2011). Numerous studies have reported the presence of paranoid thought in 
neurotypical samples (Fenigstein & Vanable, 1992; Ellett et al., 2003; Combs 
et al., 2007; Freeman et al., 2010; Ellett & Wildschut, 2012; Isnanda et al., 
2013; Moritz & Van Quaquebeke, 2014), so much so that it is thought that 
paranoia is frequently prominent in around one third of the healthy adult 
population (Freeman, et al., 2011). In a study using healthy university 
students, Ellett, et al. (2003) report 153 out of the 324 participants 
experienced paranoid thoughts directly related to the notion that other people
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had intentions to harm them. This led to the presumption that paranoid 
thinking should be considered a ‘common human experience’ (p. 425). 
Paranoia at a non-clinical level varies in degree (Combs et al., 2007), and the 
presence of paranoia may include experiences of ‘self-centred thought, 
suspiciousness, assumptions of ill will or hostility’ (Fenigstein & Vanable, 
1992, p. 130). However, at a clinical level, paranoid thoughts often lead to 
diagnosis of schizophrenic conditions and are usually resistant to treatment 
intervention (Bucca, 2012). When paranoid thoughts are present in clinical 
samples, patients are often out of touch with reality; fiction and reality have 
become blurred and the person is unable to distinguish between the two 
(Isnanda et al., 2013).
The present study takes the novel approach of investigating the positive 
symptoms of schizotypy individually, with a specific focus on paranoid 
ideation (PI) in relation to the E-S and IBT theories. The purpose of this 
investigation is to determine if a more accurate characteristic of the EFB 
could possibly be associated with PI, rather than the broader notion of 
collective positive schizophrenia, which has limited support (Crespi, 2010; 
Russell-Smith et al., 2011; Dinsdale et al., 2013). The three qualitative 
components of paranoia that will define the way the present study 
investigates PI are as follows, (i) that it is interpersonal i.e. that the thoughts 
are usually involving others in relation to oneself (ii) that the perception of 
threat is from external sources i.e. that the threat comes directly from another 
person/object (¡ii) that thoughts are ambiguous in relation to others actions, 
for instance uncertainty or suspiciousness about the intentions of others 
(Ellett et al., 2013). Paranoia is defined by Freeman, et al. (2008, p. 258) as
136
an ‘unfounded mistrust’. Therefore, it is important that any amount of 
paranoia measured has not been subject to any form of induced 
manipulation, i.e., experimental tasks involving the researchers purposefully 
manipulating a situation where you would reasonably expect a person to 
experience paranoid thoughts (Freeman et al., 2008; Ellett & Wildschut, 
2012; Ellett et al., 2013).
8.1.2 Jumping to Conclusions
A linear relationship exists between paranoia and jumping to conclusions 
(JTC) bias (Freeman, 2007). Freeman (2007) and Freeman et al. (2002) 
discuss the well-replicated finding that persons who experience persecutory 
delusions also demonstrate poor logical reasoning bias, in that they are quick 
to make decisions based on very limited information.
To investigate this, previous studies have used the ‘beads task’ (Huq et al., 
1988). The ‘beads task’ measures probabilistic logical reasoning where 
participants are presented with two transparent jars of beads, the beads are 
organised into the jars using a ratio formula, usually 60:40 (difficult) or 85:15 
(easy) (for example using the 60:40 ratio, one jar contains 60 blue beads and 
40 red beads and vice versa in the other jar). Beads are then drawn (by the 
researcher) out of sight of the participant, one at a time from one of the jars 
and shown to the participant. The participant has to decide which jar the 
beads have been drawn from, using the beads as evidence and requesting 
as many beads as they feel necessary in order to make their decision. Whilst 
the participant is under the impression that the aim is to guess correctly, the 
real measure of the task is to see how many beads the participant requests
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before making the decision. The usual measurement suggests that 
participants who offer a decision about which jar the beads are coming from 
after having only seen two (or fewer) beads, are deemed to have a JTC bias 
(Jansch & Hare, 2014). This Is because an accurate informed decision 
cannot be made using only one or two beads; a reasonable decision would 
be made after seeing more than two beads from the jar. Using this task, it 
has been found that patients with psychosis make decisions based on only 
one or two beads 50-60% of the time, compared to 20-30% in control 
samples (Lincoln et al., 2010). Interestingly it has also been identified that the 
JTC bias is also present in healthy ‘psychosis prone’ samples (using self- 
report measures). This links in with the notion of the paranoia continuum, in 
that paranoid ideation exists in the healthy populations as well as at a clinical 
level (McKay et al., 2006; Freeman et al., 2008; Lincoln et al., 2009).
The significance of employing tasks such as the beads task to investigate PI 
comes from the premise that those who demonstrate JTC bias tend to form 
unjustified assumptions on the basis of inadequate evidence, and this 
thought process is thought to play a key role in the construction of paranoid 
thinking (McKay et al., 2006).
In relation to the E-S theory, adolescents with ASD have been found to 
require more information before decision making (measured using the beads 
task) compared to controls (Brosnan, et al., 2013) suggesting as expected, 
that those with a tendency to show a preference for systemising would 
require more evidence based on mathematical probability on JTC tasks. 
Furthermore, in a healthy population sample, Brosnan et al., (2014) also
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found that those who showed a JTC bias also showed greater levels of 
empathising and less systemising on self-report measures.
8.2 The present study: research aims
The aim of this study is to explore the relationships between E-S bias and 
paranoid thinking, in a neurotypical sample, using both direct performance 
and self-report measures. It was hypothesised that participants with a bias 
towards empathising would (i) score higher on tasks measuring paranoid 
thinking and (¡¡) would show greater JTC bias, in line with the theoretical 
position of the ASD - schizophrenia continuum.
8.3 Methods
8.3.1 Participants
A total of 57 participants from the University of Bradford were recruited to 
take part in the study. The sample consisted of 45 females (78%) and 12 
males (21.1%). All participants where over the age of 18 years and the mean 
age of the sample was 26 years (±SD = 8.24, range = 32). Inclusion criteria 
specified that participants must have (i) no clinical diagnosis of mental illness 
or neurological disorder (¡¡) normal or corrected to normal vision (in) a fluent 
understanding of English language. Furthermore, because of the nature of 
the study, those who reported using cannabis on a regular basis were 
excluded. This is due to the interference effects of cannabis on heightened PI 
(Skosnik et al. 2001; Fridberg et al. 2011; Freeman et al. 2011). Ethical 
approval was obtained from the Humanities, Social & Health Science 
Research Ethics committee at the University of Bradford. All participants 
gave their informed written consent.
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8.3.2 Design
A cross-sectional, primarily correlational design was employed, concerned 
with exploring the relationships between the E-S theory and paranoid 
thoughts at a healthy population level. Post data collection, the sample was 
also categorised according to E-S bias using z scores, which created two 
groups- higher EQ/lower SQ (E bias) and lower EQ/higher SQ (S bias). This 
made for analysis in way of an independent groups design. The researcher 
administered the battery of tests in random order for the purpose of 
controlling for order effects.
8.3.3 Materials
The Empathising Quotient (EQ) - The short form (EQ-S) version of the EQ 
(Wakabayshi et al.f 2006b) measuring self-report cognitive and affective 
empathy was administered. See section 6.3.3.2 and appendix 1.
The Systemising Quotient (SQ) - The short form version (SQ-S) of the SQ 
was employed, which measures self-reported ‘everyday’ systemising ability 
(Wakabayshi et al., 2006b). See section 6.3.2.2 and appendix 2.
Paranoia Checklist - PI was assessed using the Paranoia Checklist 
(Freeman et al., 2005). An example statement would be ‘people deliberately 
try to irritate me’. Each of the 18 items are rated by three dimensions of 
paranoid ideation: (i) frequency (How often have you had the thought?), (ii) 
conviction (How strongly do you believe It?) and (iii) distress (How upsetting 
is it for you?) on a five point Likert scale. Lincoln et al. (2009) reports 
excellent internal consistency of the scale (Cornbach a > .90) and the scale 
has shown to be sensitive to PI in healthy population samples (Freeman et
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al., 2005). The score can be determined by the summing of individual scores 
on each scale with a maximum score of 90. Higher scores indicate higher 
levels of PI. Full version is available in appendix 8.
Over-attribution image battery (OAIB) - The OAIB was developed by the 
researcher as a measure of unfounded ‘uneasiness’. The OAIB aimed to 
measure subtle paranoid thoughts in neutral conditions. Carried out using a 
custom designed online survey program (www.onlinesurveys.ac.uk), 
participants were presented with 10 non-threatening still colour images (13 x 
17cm) on a computer screen (See Figure 11). Participants were instructed to 
‘consider this image and place yourself within this picture’ and to rate the 
level of uneasiness that they perceive within the context of the image, using a 
scale response format of (1) not uneasy at all, (2) slightly uneasy, (3) 
somewhat uneasy, (4) very uneasy, (5) extremely uneasy’. Higher scores 
indicated a higher level of unfounded unease, maximum score was 40.
All images originated from the researcher’s personal collection of 
photographs (with permission from any persons appearing in the image 
granted). It was proposed that the benefit of choosing images from this 
collection was that the researcher was witness to the ‘real life’ context of 
these photographic scenes, therefore providing a sense ecological validity 
when measuring the level of unease the participant infers from the context of 
the image. All images were presented to a judging panel of three people 
before being included in the battery of images for the purposes of assessing 
suitability. The judging panel was asked if they felt that there was any 
obvious suggestions of induced uneasiness; none were reported on the 
selected images.
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Fig. 11: Example image from the OAIB (not to scale)
The Sweet Jar Task (SJT) -  The SJT is a ‘jumping to conclusions’ 
reasoning task. The original task is known as the ‘beads task’ (Dudley et al., 
1997). A modified computer version created by the researcher was employed 
in this study, as the original task was financially unviable. Participants were 
exposed to two transparent jars of sweets, each containing two different 
types of sweets (e.g., red and blue bonbons) in an opposite but equal ratio 
system of 60:40 (Dudley et al. 1997) (e.g., 60% red bonbons and 40% blue 
bonbons and the reverse in the other jar- see Figure 12). The participant was 
informed that the aim of the task is for them to make a decision as to which 
jar (jar one or jar two) the sweets were been drawn from. They were advised 
that they could request to see as many sweets as they desired from the jar in 
order to make a decision and that each sweet they saw was returned to the 
jar after each withdrawal. A memory aid was present, in the form of a 
laminated sheet placed on the desk, which served to remind the participant 
which ratio of red and blue sweets was assigned to each jar, also the
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computer was set up to allow the participant to keep track of the previous 
draws of sweets by displaying them in the top corner of the screen (this was 
for the purpose of eliminating working memory pressures). Sweets were then 
drawn one at a time, from one jar only (out of sight of the participant) and 
then presented to the participant. The variable here was the number of 
pieces of information (sweets) requested before a decision was made, 
regardless of a correct or incorrect guess. The JTC bias was determined to 
be evident if only two or fewer sweets were requested before a decision was 
made. Three trials (of a maximum offering of 20 sweets per trial) were 
completed by the participant.
Jar one has ¿4 (60°o) blue 
sweets and 16 (40°o) red sweets
J a r  two has ¿4 (60°o) red sweets 
and 16 (40°o) blue sweets
Fig. 12: The sweet jar task
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The Revised Reading the Mind in the Eyes Task (RMTE) -  The pencil and 
paper version of the RMTE was administered as a measure of subtle 
differences in social intelligence for healthy adults with normal intelligence. It 
is described as an advanced test of ToM or an understanding of the 
‘language of the eyes’ (Baron-Cohen et al., 2001). The task comprised of 36 
trials, each trial comprised of a 16 x 12cm black and white photograph of 
either male or female eye region (from mid-nose to eyebrow). Surrounding 
the photograph are four emotion adjectives (see Figure 13 for an example). 
Participants were instructed to choose one of the four words they thought 
best represented the mental state of the person in the picture. Participants 
read aloud their answer to the researcher. They were also provided with a 
glossary of words, which they could consult if they were unsure of a word 
definition. Scores where based on correct answer, therefore the possible 
range of scores was between 0-36. Greater scores indicated greater ToM 
ability.
playful comforting
Fig. 13: An example trail from the RTME task. Correct response 
is ‘playful’.
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Embedded figures task (EFT) - A pencil and paper variant of the embedded 
figures task was administered, consisting of five trials (www.brainwaves. 
com/Puzzles_Tests.html). Each trial had a target image (e.g., A. in Figure 14) 
and two other images (1. and 2. in Figure 14), one of which contained the 
embedded figure. The EFT measures attention to detail with a focus on 
global versus local (visual) processing ability, theoretically relevant for the 
present study as higher systemisers tend to show greater local processing 
ability (Auyeung et al., 2012). Greater local processing ability would aid faster 
location of the embedded figure as a preference for focusing on detail is 
involved. The aim of the task was to locate the embedded figure within one of 
the two images and outline it with a pen provided. The target figure was only 
present in one of the two images. Scores were based on the number of 
correct answers within a 5 minute time limit.
figure (image A) is located at the centre of image 1.
8.3.4 Procedure
All participants completed the experiment in one session, carried out at the 
psychology labs at the Division of Psychology, University of Bradford. On 
arrival participants were required to read the information sheet pertaining to 
the study and if happy to proceed, then signed the consent form. The battery 
of measures was then administered in random order. Sessions lasted
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between 30 and 40 minutes and no participants requested a break during the 
sessions.
8.4 Results
The aim of this study was to explore the relationship between empathising, 
systemising, paranoid ideation and JTC bias in a neurotypical sample (n= 
57). Analyses were carried out using the Statistic Package for the Social 
Sciences (SPSS) version 20.0 using score data. Ranges, means and 
standard deviations for all measures can be found in Table 13.
Table 13: Means and standard deviations for scores on all variables
Measure n Mean ±SD
Min-Max
possible
score
EQ 54 26.19 8.20 0-44
SQ 55 20.90 8.92 0-50
PCF 57 22.37 5.86 0-90
PCC 56 24.02 6.53 0-90
PCD 57 32.91 14.57 0-90
SJT 50 12.54 6.44 1-60
OAIB 54 6.07 3.72 0-40
RTME 56 24.39 3.74 0-36
EFT 52 4.16 0.81 0-5
N o te : EQ= empathising quotient; SQ= systemising quotient; PCF= Paranoia checklist 
(frequency); PCC= Paranoia checklist (conviction); PCD= Paranoia checklist (distress); SJT= 
Sweet jar task; OAIB= Over-attribution image battery; RTME: Reading the mind in the eyes; 
EFT= Embedded figures task
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The results were submitted to a general linear model (GLM). Multivariate 
analysis revealed that there was no significant main effects of gender on any 
of the variables (p>0.05), although, a trend was evident for EQ scores (F (1, 
42) = 3.12, p = 0.08).
8.4.1 Main effects of E-S bias
The sample was categorised into groups of empathising (E bias) (E » S ) and 
systemising (S bias) (S »E ). To assess the tendency for participants to show 
bias towards an empathising or systemising cognitive profile, EQ and SQ 
scores were firstly converted to z-scores and the difference between the 
scores were calculated. A score of >0.00 specified a bias for a systemising 
profile. A score of <0.00 suggests a bias for an empathising profile. Table 
14 shows the distribution of participants into the two categories.
Table 14: Distribution of participants into E-S bias by biological sex
Biological Sex Brain Type Total %
Male n = 11
Empathising bias (E » S ) 3 27.3
Systemising bias (S » E ) 8 72.7
Female n = 43 Empathising bias (E » S ) Systemising bias (S » E )
24
19
55.8
44.2
N o te : as expected, a higher number of males showed a pattern of bias towards systemising. 
The pattern was less obvious in females, where only slightly over half showed a pattern 
towards empathising.
MANOVA revealed that there was a significant main effect of E-S bias on 
performance on the SJT where the group with a cognitive bias towards 
empathising (E » S ) took significantly less turns on the SJT (M=10.89, 
±SD=5.22) than the group with a bias towards systemising (S » E ) (M=15.00,
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±SD=6.98) (F (1, 47) -  5.79, p<0.05). There was no significant main effect of 
E-S bias on the RTME, EFT, PCF, PCC, PCD or the OAIB (ns).
E-S bias
Fig. 15: Bar graph demonstrating that those who showed greater bias for 
empathising (E » S ) took significantly less turns on the SJT than those who 
showed a bias for systemising (S » E )
8.4.2 Regression analysis exploring empathising and systemising as 
separate entities
8.4.2.1 Empathising
As a fundamental assumption of the E-S theory, regardless of the hypothesis 
being explored in the present study, empathising and systemising should 
theoretically share a trade-off relationship, however no significant association 
was evident (r = .19, p>0.05). Therefore, in order to explore the relationship 
between paranoid ideation and empathising and systemising as separate
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entities, regression analysis was carried out. Data was examined for tenable 
assumptions, all were met including generalisation assumptions [variance 
inflation factor (VIF) = 1.002], scatterplots demonstrated an even disperse of 
dots around zero and the assumption of independent errors were met 
(Durbin-Watson = 2.126), necessary for the regression analysis.
The regression model primarily included predictor variables: SJT, PCF 
(Frequency), PCC (Conviction) and PCD (Distress) and the OAIB with EQ 
scores as the dependent variable. The model excluded: RMTE, EFT, SQ, 
OAIB, PCC and PCD (ns).
Table 15: Correlations for variables used in the model
EQ SJT PCF
Pearson’s r EQ 1.00 -.34* -.40*
Sweet Jar -.34* 1.00 .05
PCF -.40* .05 1.00
N EQ 49 49 49
Sweet Jar 49 49 49
PCF 49 49 49
*p<0.01 one-tailed)
N o te : table 15 demonstrates a modest correlation between the EQ and the Sweet Jar task, 
also the EQ and the Paranoia Checklist (Frequency). No correlation was found between the 
Sweet Jar Task and the Paranoia Checklist (Frequency), satisfying the assumptions of 
multicollinearity.
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Table 16: The unstandardized and standardised regression coefficients for 
the predictor variables
B SE B ß
Constant 43.11 4.36
Sweet Jar Task -0.41 0.16 -.32*
PCF -0.52 0.17 -.39**
Dependent variable: EQ *p<0.05, **p<0.01
The enter method was used in the analysis.
Overall, the regression model was able to significantly predict EQ score (F (2, 
46) = 8.30, p<0.001). The SJT significantly predicted EQ score (t (46)= -2.53, 
p<0.01, 95% Cl -.73 - -.08), explaining 12% of the score variance (R2 =.12, 
Adjusted R2 = .10). Adding the Paranoia Checklist (Frequency) (f (46)= - 
.3.07, p<0.001 95% Cl -.87 - -.18) to the model then explained 27% of the 
variance (R2 =.27, Adjusted R2 = .23). Results demonstrated that as EQ 
score increased by 1 point, scores on the PCF decreased by 0.52 points (/? = 
-0.52), also, as EQ scores increased by 1 point, turns on the SJT reduced by 
0.41 turns (/3 = -0.41).
Note: The three dimensional measurements of the Paranoia Checklist were 
positively correlated; PCF (Frequency) score was positively correlated with 
PCC (Conviction) score (r=  .60, p<0.001) and PCD (Distress) score (r=  .29, 
p<0.05), PCC (Conviction) score was also positively correlated with PCD 
(Distress) score (r  = .28, p<0.05). These results suggest, interestingly, that 
although the different dimensions of the Paranoia Checklist share a positive 
relationship, it was only PCF (Frequency) scores that were able to predict EQ
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scores. No re la tionships between the RTM E task and Paranoid ideation were
evident (ns).
Fr Linear = 0.163 
R:  Linear = 0.11S
CO
sa>m
Fig. 16: Scatterplot showing PCF scores decreasing as EQ scores increased 
and SJT scores increasing as EQ scores decreased
8.4.2.2 Systemising
The regression model primarily included predictor variables: SJT, PCF 
(Frequency), PCC (Conviction) and PCD (Distress) and the OAIB with SQ 
scores as the dependent variable. The model excluded all variables except 
the OAIB (ns).
Pearson’s correlation coefficient revealed a negative association between SQ 
score and feeling of unease on the OAIB task (r = -.31, p<0.05). The model
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was significant (F (1, 44) = 4.51, p<0.05). OAIB was able to significantly 
predict SQ score (t (44) = -2.12, p<0.05, 95% Cl -1.25 - -.03) explaining 9% 
of the score variance (R2 =.09, Adjusted R2 =.07). Results demonstrate that 
as SQ score increased by 1 point, scores on the OIAB decreased by 0.31 
points (/3 = -0.31).
No relationships between the EFT and paranoid ideation were evident (ns).
8.5 Discussion
The present study explored the relationship between the principles of the E-S 
theory and PI in a healthy population sample, using direct performance and 
self-report measures.
Considering the theoretical predictions of the IBT and the EFB, it was 
hypothesised that a cognitive profile with a preference for empathising 
(E » S ) over systemising (S » E ) would show significantly more PI (measured 
by both self-report and direct measures) and JTC bias. The null hypothesis 
was retained in terms of paranoia; no relationship between E-S bias and 
paranoid ideation was evident. However, performance on the JTC task was 
significantly affected by E-S bias, with greater empathisers and lesser 
systemisers showing greater tendency to JTC. This demonstrated that those 
who presented with an empathising bias required less evidential information 
before making a decision, than those who presented with systemising bias, 
supporting the expected trend theorised by the IBT and supportive of 
previous results found by Brosnan et al. (2011). These findings offer support 
for the notion of an association between JTC bias and the ‘female brain’.
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8.5.1 The issue of the presumed ‘trade-off’
It is important to be reminded at this point that research questions 
surrounding the E-S theory rely on the principle assumption that empathising 
and systemising cognitive processes share a trade-off relationship i.e. that 
those who demonstrate a greater ability in either empathising or systemising 
will show a deficit (of the same extent) in either empathising or systemising 
respectively.
Although not the main investigation in the present study, the results obtained 
here add to the growing number of research studies that have failed to find 
any evidence of this theoretical trade-off presumption, and support the notion 
that these two mechanisms work independently of each other (Baron-Cohen 
et al 2003; Carroll & Yung 2006; Russell- Smith et al., 2013; Jones & Lesk, 
2013). Further, a trend in the way of a small positive relationship was found 
in the present study between EQ and SQ scores (r = .19, p = 0.08, n = 57). 
This is problematic for the fundamental presumptions of the E-S theory. The 
‘trade-off’ relationship between E and S is discussed in detail in Chapter 10. 
Additionally, direct measures of empathising and systemising failed to be 
associated with self-report measures of empathising and systemising. 
Therefore, it could be argued here that this creates a fundamental problem 
with exploring PI, or indeed any other cognitive variable in relation to the E-S 
theory, in that there is very limited evidence of an underlying relationship 
between empathising and systemising networks.
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8.5.2 Empathising and paranoia
Due to the seemingly complex nature of relationship between empathising 
and systemising (Chapter 10), it is important to explore the two cognitive 
dimensions as separate entities, under the presumption that they work 
independently of each other, in line with the results of this study.
Results demonstrated that both the frequency that a person experiences 
paranoid thoughts and JTC bias could significantly predict empathising 
ability. Collectively they were able to explain over a quarter of the score 
variance. What is most interesting here is that these results propose that 
greater levels of empathising were predicted by lesser frequency of paranoid 
thoughts, indicating that as someone reports greater empathising ability, they 
also report experiencing paranoid thoughts less frequently. This goes directly 
against what would be expected by the ASD - schizophrenia model. It is also 
interesting to consider that the results demonstrated that although the three 
dimensions of PI (frequency, conviction and distress) positively correlated 
with each other, it was only the frequency of experience of paranoid thoughts 
that significantly predicted the variance in empathising score. We can 
interpret from this, that whilst higher empathisers are experiencing 
significantly lesser levels of paranoid thoughts, their belief in the conviction of 
these thoughts, and the distress caused by these thoughts is not a factor in 
the relationship between paranoid ideation and empathising.
8.5.3 Empathising and jumping to conclusions
Even more curious, empathising was also predicted by lesser requests for 
sweets on the JTC task, meaning that those who reported greater levels of 
empathising ability were quicker to ‘jump to conclusions’. This finding is in
154
line with the predictions of the ASD - schizophrenia continuum and offers 
support for the notion of an association between JTC bias and the ‘female 
brain’.
8.5.4 Paranoid Ideation, jumping to conclusions bias and systemising
Neither PI nor JTC bias shared a relationship with systemising. This leads us 
to conclude that these findings do not lend themselves fully to the search for 
an accurate characterisation of the EFB. If this were the case, we would 
expect to see systemising show the opposite relationship that empathising 
shares with PI or JTC bias. It is suggested here that in a broader sense this 
result adds more weight to the growing number of studies that call into 
question the fundamental assumptions and indeed the validity of the E-S 
theory.
However, what is interesting, is that results demonstrated that levels of 
systemising could be predicted by the level of ‘unease’ that was experienced 
on the OAIB task, in that, as levels of systemising decreased, levels of the 
unease experienced by the respondent increased, this finding has the 
potential to be supportive of the trend expected by the IBT, yet no 
relationship was evident between empathising and the OAIB. From this, we 
are unable to offer any evidence that solidly supports the IBT continuum. 
However, further in-depth investigation into paranoia measured in this format 
may be able to shed further light on this potential relationship with 
systemising.
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8.5.5 Considerations
Considering the findings of the present study as a whole, there are a number 
questions that should be reflected upon. Primarily, let us consider that JTC 
bias and the manifestation of paranoid thoughts share a positive relationship, 
(Freeman et al., 2002; Freeman et al., 2005; Freeman 2007; Moritz et al., 
2012), yet we observed no relationship between the two phenomena in this 
sample. Nonetheless, both were able to significantly predict empathising 
score. So, what does this mean for the hypothesised relationship between 
the IBT, E-S theory and paranoia? It is important to reflect on the sample; 
was this pattern evident because we tested the neurotypical population and 
would not expect a high frequency of paranoid thoughts but expect to find 
JTC bias? However, a problem with this consideration is two-fold; firstly as 
previously alluded to, PI was evident in the sample and was significantly 
associated with lesser empathising. Secondly, PI is widely accepted to be 
experienced at a healthy population level (Garety et al., 2005; Buchy et al., 
2007; McKay et al., 2006; Freeman et al., 2008; Lincoln et al., 2009) and due 
to the continuum nature of paranoia and indeed the E-S and IBT models, 
these patterns of cognitive markers should be evident in the neurotypical 
population (albeit to a lesser extent), in the same direction as they would be 
at the extreme ends of the continuum.
The finding that greater empathising was predicted by lesser frequency of 
paranoid thoughts (along with the finding that E-S bias groups did not differ in 
their score of paranoid thoughts) does not support the EFB hypothesis of the 
present study. Or in a more broader sense, the theoretical predictions of the 
IBT and instead adds weight to the growing body of experimental evidence
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which indicates components of positive schizotypy are not associated with a 
E » S  cognition as is theorised by the IBT (Russell-Smith et al., 2011). 
However, in terms of the E-S theory, it could be argued that this finding 
reasonably supports Baron-Cohen’s (2003) argument that there is unlikely to 
be any pathological consequence of the ‘female brain’ or EFB, however this 
argument would be a stronger in its support for Baron-Cohen (2003) had 
empathising and systemising demonstrated a negative relationship.
We can consider in light of this pattern of results that what was found here 
was support for research that suggests autistic traits and schizotypy overlap, 
or frequently occur together (Petty et al., 1984; Starling & Dossetor, 2009; 
Skoukaskas & Gallagher, 2010; Russell-Smith et al., 2011; Abu-Akel et al.,
2015). ASD tendencies present with a lack of, or a deficiency in ToM ability 
(Baron-Cohen, 2010), and due to this, are paranoid thoughts more frequent 
owing to a deficiency of social intuition, in that an ASD cognition has greater 
difficultly in reading the intentions of other people, therefore experiences a 
heightened level of paranoid thoughts?
Indeed, our results are somewhat in line with Spain et al. (2016) who 
conducted a systematic review looking at paranoia in relation to ASD and 
found individuals with ASD had consistently greater levels of paranoia than 
non-clinical controls and psychosis. Similarly, Blackshaw et al. (2001) who 
found that PI was significantly greater in Asperger’s syndrome when 
compared to controls. Blackshaw et al. (2001) go on to suggest that although 
this pattern was unexpected, perhaps paranoia associated with ASD has a 
different aetiology than that of schizophrenia. Our results here provide 
support for this line of thinking.
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It is suggested here that future studies should look at these patterns of 
cognitive markers in clinical samples. Would the same pattern be evident 
supporting the continuum model, or would we find non-linear results in the 
healthy population and clinical samples, which may add further convincing 
evidence to suggest the continuum model of the IBT requires revision.
Our results also pertain to the broader question of the reliability of self-report 
data; whilst we see novel, thought-provoking results in relation to E-S bias, 
we must keep in mind that the E-S bias was measured solely by self-report 
measures, and importantly, no relationships were found between self-report 
empathising, systemising and direct performance measures of these 
cognitive dimensions. Future research should aim to clarify the reliability of 
the EQ and SQ self-report measures as they relate to direct measures in 
order to offer more robust conclusions.
8.5.6 Limitations
Limitations of the present study should be considered. Firstly, the sample 
was heavily bias towards females, and whilst gender was found to have no 
main effect on any variables measured, a more balanced number of males 
and females would have been preferable due to the close links between 
‘brain type’ and biological sex (Baron-Cohen, 2003). Secondly, results 
reported here in relation to the OAIB should be interpreted as pilot study 
findings, the measure, whilst tested for validity using a judging panel to 
assess the images used in the task, has not been previously employed in any 
studies and no reliability data is available.
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8.5.7 Overall conclusion
The present study failed to find any support for the association of the ’female 
brain’ profile and self-report paranoia. However, results indicated an 
association between greater empathising alongside lesser systemising and a 
JTC tendency, indicating a potential relationship between the EFB and JTC 
bias. More fundamentally, the results fail to provide support for the E-S 
theory’s presumption that empathising and systemising share a trade-off 
relationship (discussed in more detail in Chapter 10), therefore empathising 
and systemising where examined in isolation from each other. Results 
suggested interestingly, that higher levels of empathising were associated 
with lesser frequency of paranoid thoughts which directly contradicts the 
theoretical concepts of the IBT and therefore fails to provide any evidence of 
an accurate characterisation of the EFB, but suggests a relationship between 
cognitive empathy and jumping to conclusions on logical reasoning.
8.6 Chapter summary of key points
• There is a lack of experimental support for the IBT’s ASD -  
schizophrenia continuum, could a more accurate characterisation of 
the type E brain involve paranoia phenotypes, rather than a collective 
set of positive symptoms of schizotypy?
• It seemed rational to consider, based on the results of the previous 
chapter, that it is likely that specific phenotypes may share specific 
types of relationships.
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• E-S bias was investigated in relation to paranoid ideation and jumping 
to conclusions bias using a novel task paradigm in a non-clinical 
sample.
• Results demonstrated that performance on the JTC task was 
significantly affected by E-S bias, with greater empathisers and 
lesser systemisers showing greater tendency to jump to 
conclusions.
• These findings established that, those who presented with an 
empathising bias required less evidential information before making a 
rational decision, compared to those who presented with systemising 
bias, supporting the expected trend theorised by the IBT (Badcock & 
Crespi, 2006).
• It was concluded that there is evidence of a link between positive 
schizotypy and the ‘female brain’, but only when considering 
ind iv idual phenotypes of schizotypy, as clearly, all components of 
positive schizotypy cannot be accurately associated with the female 
brain.
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Chapter 9
How does the AQ relate to dimensional schizotypy in a 
neurotypical sample?
9.1 Introduction
The study sought to assess the specific nature of the relationship between 
autistic traits and schizotypy in an adult neurotypical sample. The primary 
aim of the study was to examine the theorised diametrical model of ASD and 
schizophrenia proposed by the IBT (Badcock & Crespi, 2008), by assessing 
the relationship between self-reported autistic traits and dimensional 
schizotypy.
To recap: the IBT hypothesises that ASD and schizophrenia exist on a 
diametric continuum as one connected disorder, rather than two distinct 
conditions (Badcock & Crespi, 2006,2008). This diametric model, Badcock 
and Crespi (2008) suggest, is due to a ‘tug of war’ in gene imprinting which 
results in either a balance or a significant bias in either maternal or paternal 
gene imprinting and the subsequent gene expression during 
neurodevelopment. This process is speculated to have considerable 
organising influence on the “social brain”, resulting in the manifestation of a 
cognitive profile which they term; mechanistic, balanced or mentalistic brain 
types (Badcock, 2011) (see Figure 17).
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Fig. 17: The IBT continuum model ©individual images from clipart
The notion that ASD and schizophrenia are closely related disorders is not a 
new philosophy. Over 100 years ago, the works of psychiatrist Eugen Bleuler 
(1857-1939) and later Leo Kammer (1984-1981) discuss autism as a sub-set 
of schizophrenia in the childhood years. Later autism was re-defined by 
Kammer as a separate disorder (Crespi, 2010), and the distinction between 
the two has remained the same going forth into modern psychiatry. 
Nowadays, if a clinical patient is thought to be presenting with positive 
symptoms of psychosis and ASD at the same time, a diagnosis of co­
morbidity of ASD and schizophrenia is recorded, maintaining the distinction 
between the two phenomena (Keller et al., 2016).
Rutter (1996) resolved that ASD and schizophrenia are separate and 
unconnected both genetically and biologically, and Tantum (1991) comes to 
the same conclusions from a behavioural perspective. However, more recent 
research unconnected from the IBT investigation has suggested that there is 
evidence to indicate that the two conditions do share biological, genetic and
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psychological similarities (Adbi & Sharam, 2004; Sporn et al. 2004; Burbach 
& van der Zwaag, 2009; Craddock & Owen, 2010; King & Lord, 2011 ; Mealey 
et al., 2014; Moos et al., 2016; Pediaditakis, 2016). Even though findings 
have been inconsistent in their conclusions, the preferred connection 
between the two disorders is one which ‘overlaps’ rather than a diametrically 
opposed link, as collectively the majority of research supports this position 
(Craddock & Owen, 2010). Spek and Wouters (2010) suggest that given the 
genetic overlap between ASD and schizophrenia, it is probable that the two 
disorders will naturally present with similar symptomology.
The major difference between the two, is that ASD is usually diagnosed in 
early childhood, usually around the age of three years, whereas 
schizophrenia is diagnosed after the age of 18, when personality has fully 
developed (Fitzgerald, 2011). Because it has been established that many 
symptoms and cognitive deficits can overlap, including, ToM (Pilowsky et al., 
2000), central coherence (Happé & Frith, 2006; Uhlass & Silverstein, 2005), 
executive function (Kerns et al., 2008), and social skills deficits (Russell- 
Smith et al., 2011), Hurst et al. (2006) points out that clarification of the 
affiliation between ASD and schizophrenia is vital and should aim to make 
the diagnostic process more informed and much less confused (Luciano et 
al., 2014).
Research by Hurst et al. (2006) has shown that the obvious difference 
between ASD and schizophrenia involves the presence of positive symptoms 
of psychosis [hallucinations, delusions, magical thinking (Mason et al., 
2005)]. In that, the negative symptoms of psychosis [lack of affect, social 
withdrawal, avoidance of intimacy [Mason et al., 2005)] are often present in
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ASD, whereas the manifestation of positive symptoms of schizophrenia are 
not usually reported (Petty et al., 1984; Dyken et al., 1991; Konstantareas 
and Hewitt, 2001; Sheitman et al., 2004; Spek & Wouters, 2010). It is this 
notion that is the focus of the IBT; it suggests that whilst an overlap of 
negative traits is apparent, it is plausible that a diametric relationship exists 
between positive psychosis and ASD (Badcock & Crespi, 2008). The main 
reasoning for this postulation comes from the observation that whilst ASD 
and schizophrenia share diagnostic criteria involving deficits in social 
intelligence, the IBT observes that they are deficits of extreme difference. In 
so much that, ASD involves an absence of ToM whereas schizophrenia 
involves an overly active ToM to the point of dysfunction20. Signifying that the 
autist simply lacks the manifestation of ToM processes and is therefore 
unable to comprehend social and emotional phenomena; whereas the 
positive schizophrenic experiences ToM processes so acutely attune that 
they distort reality (Badcock & Crespi, 2006).
Badcock and Crespi (2006) endorse that because the theory is a continuum 
of cognitive profiles, the logical starting point in terms of exploratory research 
should be at a general population level. Reasoning for this is two-fold; firstly, 
because everyone can be placed on the continuum, and that both ASD and 
schizophrenia exist on a spectrum of severity from trait to clinical levels, 
patterns in sub-clinical populations are detectable (Abu-Akel et al., 2015). 
Secondly, non-clinical population level research omits the effects of drug 
intervention which is likely to be administered as treatment in clinical
20 ToM is thought to be overly active in only the positive expressions of schizophrenia, 
namely paranoid ideation, hallucinations and delusion (Badcock & Crespi, 2006).
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populations (pertaining more to schizophrenia) which therefore controls for 
pharmacological influence.
Research into the IBT is in its infancy. Crespi (2010) offers that recent tests 
of data from seven copy number variant loci has offered statistical support for 
the diametric link between the two disorders (see Craddock et al., 2009). At a 
behavioural level, only a few studies have explored this theory directly; 
Brosnan et al. (2010) found that mentalising profiles score greater on positive 
schizotypy in a female non-clinical sample and Dinsdale et al. (2013) found 
support for both overlap and a diametric relationship when using principle 
component analysis to look at different dimensions of ASD and schizophrenia 
in a large non-clinical sample. Considerable overlap in features that relate to 
social skills and communication was evident, alongside an inverse 
association between the core ASD traits and positive schizotypy phenotypes, 
providing support for the IBT prediction. However, Rawlings and Locarnini 
(2008) report a correlation between autistic traits and negative schizotypy, 
but found no suggestion of a relationship between ASD and positive 
schizotypy. However, other studies report a positive correlation between 
autistic traits and negative and positive schizotypy, which offers no support to 
the diametric model proposed by the IBT (Hurst et al., 2006; Russell-Smith et 
al., 2011; Mealey et al., 2014). The importance of establishing an accurate 
account of the relationship between ASD and schizophrenia lays not only in 
questioning the validity of Badcock and Crespi’s (2006) model, but in the 
importance of using informed criteria for an accurate diagnosis and 
appropriate intervention for both disorders (Spek & Wouters, 2010).
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9.2 The present study: research aims
The present study aimed to contribute to the knowledge of how ASD and 
schizophrenia are related by quantifying autistic traits and dimensional 
schizotypy in a neurotypical adult sample and exploring the relationship 
between the phenotypes. Specifically, it is hypothesised, based on the IBT 
model that positive schizotypy will share a significant inverse relationship with 
autistic traits. It is expected that negative schizotypy will share a positive 
relationship with autistic traits, based on evidence from previous findings 
(Petty et al., 1984; Dyken et al., 1991; Konstantareas and Hewitt, 2001; 
Sheitman et al., 2004; Spek & Wouters, 2010). The present study will employ 
a validated self-report measure of schizotypy which measures not only 
positive and negative symptomology but will also quantify and consider other 
components of schizotypy, namely, thought disorder and impulsive 
behaviours (Mason et al., 2005).
9.3 Methods
9.3.1 Participants
A total of 158 participants took part in the present study. Respondents were 
recruited from the University of Bradford via email advertisement, and the 
general population via various social media channels. The mean age 
recorded by participants was 34 years (±SD= 14.01). Gender was not 
recorded. Inclusion criteria specified that participants must have (i) no clinical 
diagnosis of mental illness or neurological disorder (¡¡) a fluent understanding 
of English language (iii) must not have taken part in previous studies
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conducted by the researcher (due to over exposure effects). Ethical approval 
was obtained from the Humanities, Social & Health Science Research Ethics 
committee at the University of Bradford.
9.3.2 Design
A cross-sectional, correlational design was employed, using score data from 
two self-report inventories measuring ASD and schizophrenia at trait level in 
healthy population samples.
9.3.3 Materials
The autism spectrum  quotient (AQ) -  The AQ (Baron-Cohen et al., 2001) 
is a self-report 50 item forced choice questionnaire designed to measure 
individual differences in autistic traits in populations of normal intelligence. It 
measures five major phenotypes of the autism spectrum; poor social skills, 
poor attention switching, exceptional attentional to detail, poor 
communication skills, and poor imagination skills (Barnevald et al., 2011). 
Each item has four possible responses: definitely agree, slightly agree, 
slightly disagree and definitely disagree. The maximum possible score is 50. 
A greater score indicates a greater degree of autistic traits. Baron-Cohen et 
al. (2001) suggests 80% of clinically diagnosed autistic individuals will score 
over 32, whereas only 2% of controls would score greater than 32, which is 
used as the cut off figure for clinically relevant ASD. The AQ has previously 
shown reliability and validity as a diagnostic screening tool (Hurst et al., 
2006). The full version of the AQ can be found in appendix 9.
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The Oxford and Liverpool Inventory o f Feelings and Experiences (O- 
LIFE) - The O-LIFE (Mason et al., 2005) is designed to measure schizotypal 
personality; it is specifically employed to measure schizotypy in the healthy 
populations of normal intelligence. The short form which was employed in 
this study. See section 7.3.3 and appendix 4.
9.3.4 Procedure
All participants completed the battery of measures online using a specifically 
designed survey website. Before beginning the battery, respondents were 
required to read the information sheet pertaining to the study and if happy to 
proceed, completed the online consent process. The battery of measures 
was administered in the same order for all participants. Respondents took 
approximately 40 minutes to complete. Responses from participants who 
failed to access the entire battery of measures were automatically excluded 
from the data set.
9.4 Results
The aim of this study was to explore the relationship between ASD and 
schizophrenia traits by employing self-report inventories in a healthy 
population sample. Outliers greater than 3.29 were removed and the 
assumption of normality was tenable. Missing cases were excluded pairwise. 
Ranges, means and standard deviations for all measures can be found in 
Table 17.
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Table 17: Means and standard deviations for scores on all variables
Variable n M ±SD
Min-Max
possible
score
AQ 129 18.22 6.68 0-50
O-LIFE 149 15.56 7.29 0-43
UnEx 149 4.78 2.77 0-12
CogDis 153 4.88 3.03 0-11
InAn 145 2.57 2.28 0-10
NonCon 150 3.21 2.12 0-10
N o te : AQ= autism quotient; 0-LIFE= Oxford and Liverpool inventory of feelings and 
experiences (total score); UnEx= O-LIFE sub group unusual experiences; CogDis= O-LIFE 
sub group cognitive disorganisation; lnAn= O-LIFE sub group introvertive 
anhedonia;:lmpNon= O-LIFE sub group impulsive nonconformity
Four participants (3.1%) scored greater than the cut off (>32) point on the AQ 
for clinically relevant autistic traits.
9.4.1 Regression analysis o f the AQ and O-LIFE
Pearson’s correlation coefficient revealed a positive moderate correlation 
between overall scores on the AQ and O-LIFE (r  = .52, p<0.001). A simple 
linear regression was calculated to predict AQ scores based on O-LIFE 
scores (n =114). The model was significant (F (1, 112) = 40.99, p<0.001 ). O- 
LIFE score was able to significantly predict AQ score (f (113) = 6.40, 
p<0.001, 95% Cl .33 - .62), explaining 26% of the score variance (R2 =.29,
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Adjusted R2 = .26). Results demonstrated that as O-LIFE score increased by 
1 point, scores on the AQ also increased by 0.47 points (j6 = -0.47).
The study also aimed to assess the independent dimensions of schizotypy in 
relation to AQ score, therefore scores on the separate dimensions of 
schizotypy were used as predictor variables with AQ score as the dependent 
variable. The model was significant (F (4, 117) = 25.04, p<0.001). AQ score 
was significantly predicted by CogDis (t (127)= 3.92, p<0.001, 95% Cl .35 -  
1.08) and InAn score (t (123)= 6.68, p<0.001, 95% Cl 1.03 - .1.90), 
explaining 44% of the score variance (R2 =.46, Adjusted R2 = .44) (see Figure 
18). Results demonstrated that as AQ score increased by 1 point, scores on 
the CogDis increased by 0.71 points (/3 = 0.71) and InAn score increased by 
1.46 points (/? = 1.46). The model excluded UnEx and ImpNon scores (ns).
9.4.2 Partial correlation
Third order partial correlation was conducted to explore the unique 
contribution between the AQ and the dimensions of the O-LIFE whilst 
controlling for the influence of the other dimensions. Results showed a 
positive moderate correlation between the AQ and CogDis (pr = 35, p<0.001) 
when controlling for UnEx, InAn and ImpNon. A positive moderate correlation 
was also evident between the AQ and InAn (pr = 47, p<0.001) whilst 
controlling for UnEx, ImpNon and Cog Dis. No associations were evident for 
ImpNon and UnEx and the AQ (ns).
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R2 Linear = 0.252 
R2 Linear = 0.393
Fig.18: Linear relationship between AQ, disorganised (CogDis) and negative
schizotypy (InAn) subgroups.
9.5 Discussion
The purpose of the present study was to assess the relationship between 
ASD and schizotypy in a neuro-typical adult sample. Consistent with previous 
findings (Spek & Wouters, 2010; Hurst et al., 2006), these results 
demonstrated that ASD and schizophrenia traits overall were positively 
correlated (r = .52), suggesting an overlap of diagnostic phenotypes rather 
than the diametric one. However, on closer inspection of the results, it was 
negative and thought disorder phenotypes of schizotypy that were positively 
correlated with autistic traits, adding support for the numerous other studies 
that have also found an overlap of ASD and negative schizophrenia at both a
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clinical and trait level (Petty et al., 1984; Dyken et al., 1991; Sheitman et al., 
2004; Spek & Wouters, 2010; Dinsdale et al., 2013; Mealey et al., 2014).
No inverse associations between positive or impulsive schizotypy and autistic 
traits were yielded, leading us to conclude no support for the diametric 
relationship between ASD and positive schizotypy, rejecting the prediction by 
the IBT (Badcock & Crespi, 2008). Our results do offer support for a 
dimension specific relationship between ASD and schizotypy and replication 
of the findings by Rawlings and Locarnini (2008) who failed to observe a 
relationship between autistic and positive schizotypy traits using the same 
measures employed here. These findings are also in line with Konstantareas 
and Hewitt (2001) who compared symptoms of ASD and schizophrenia in 
two clinical groups of adult males, one group with high functioning autism and 
the other group with schizophrenia, the group with high-functioning autism 
showed symptom overlap with the schizophrenic group on negative 
symptoms but not positive symptoms of schizophrenia. However, Gadow 
(2013) and Russell-Smith et al. (2011) both recorded a positive association 
between AQ scores and all dimensions of schizotypy, including positive 
elements, adding greater weight to the notion that the IBT is in need of 
revision.
9.5.1 Implications of results
These findings add to the argument surrounding the validity of the ASD- 
schizophrenia continuum. No support has been found for the diametric 
relationship between positive schizotypy and autism as the IBT postulates. 
Based on our findings, we conclude here that positive schizotypy and autistic
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phenotypes exist on separate spectra. Evidentially the overlapping 
behavioural traits that ASD and schizophrenia share are the negative 
symptoms of schizophrenia [social and emotional withdrawal, blunted affect, 
diminished emotional range, poverty of speech (Blanchard & Cohen, 2006; 
Kirkpatrick et al., 2006)]. Hurst et al. (2006) suggests that because ASD and 
schizophrenia can present with very similar behavioural phenotypes, there is 
a great danger of inaccurately diagnosing either condition when measuring 
behavioural traits only, as they can be difficult to differentiate.
The results here demonstrated no relationship between the positive 
phenotypes of schizophrenia and ASD and provide an experiment of the 
replicability of previous findings (Hurst et al., 2006; Rawlings & Locarnini, 
2008; Russell-Smith et al. 2011) that together add to the growing body of 
evidence to suggest the conjecture of the IBT is in need of reconsideration. 
However, an interesting study by Abu-Akel et al. (2015) investigated how a 
diagnosis of both ASD and psychosis may influence cognition and behaviour. 
Whilst they reported a small but significant positive correlation between the 
AQ and self-report schizotypy, they are also the first study to observe that 
those who show co-occurring autistic and psychosis traits may experience a 
‘normalising’ effect on social-cognitive deficits. Suggesting a diametric nature 
of ASD and psychosis traits that may in fact create a ‘buffer’ against cognitive 
deficits, due to the balance of autistic and psychotic phenotypes.
Also to be considered, is research by Russell-Smith et al. (2011) that found 
whilst they were unable to conclude support for Badcock and Crespi’s (2008) 
theory, due to strong positive associations between autistic traits and all 
dimensions of schizotypy, by breaking down the elements of the AQ, they
173
noted that imagination scores on the AQ negatively correlated with positive 
schizotypy. Whilst our findings cannot claim to support the IBT’s diametric 
model, they do highlight the importance of future research must break down 
the positive elements of schizophrenia into their individual features (such as 
hallucinations, delusion, paranoid ideation) and looks at these elements in 
relation to the relationship with ASD individually (as was carried out in 
Chapter 7 of this thesis).
These results fail to support the notion of characterising positive 
schizophrenia phenotypes as the pathological consequence of the EFB.
9.5.2 Lim itations
Gender data was unavailable in this sample, analysis which looked at the 
patterns of results in males and females separately may have been insightful 
due to the gender bias is both ASD (Baron-Cohen, 2003) and schizophrenia 
(McGrath et al., 2004).
9.6 Chapter summary o f key points
• This study explored the exact nature of the relationship between ASD 
and schizophrenia traits in an adult neurotypical sample.
• The rationale for this investigation was derived from the lack of 
experimental support for the predictions of the IBT model in the 
previous chapters, and to therefore apply clarity to the results.
• Administering self-report inventories, results in this study 
demonstrated that ASD and schizophrenia traits (overall) were
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positively correlated (r  = .52), therefore signifying an overlap  of 
diagnostic phenotypes rather than the diametric one.
• It was concluded that positive schizotypy and autistic phenotypes exist 
on separate spectra, with phenotypes relating to negative 
symptomology overlapping; significantly rejecting the prediction by the 
IBT at a non-clinical population level and providing clarity to the 
previous studies (Chapters 7 & 8).
• Again, this study highlights the need to explore individual phenotypes 
of schizophrenic conditions in relation to the EFB rather than 
schizophrenia as a whole.
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Chapter 10
Testing the continuum; does empathising and systemising 
cognition trade-off? A two-part study considering age
effects21
10.1 Introduction
The overall objective of this thesis was to explore the cognitive correlates of 
the EFB (Baron-Cohen, 2003). In doing so, it became apparent that it was 
pertinent to explore the underlying basis of the concept of the EFB, namely 
the E-S theory continuum.
The aim of this study was to investigate the specific nature of the relationship 
between social and spatial cognition. It is widely assumed these two 
cognitive processes work independently of each other (Wakabayashi et al., 
2012). Whilst gender dis/advantages are statistically well founded in terms of 
social and spatial cognitive abilities, the nature of the exact relationship 
between mentalising and mechanical cognitive processes is not clear. The 
question of whether empathising and systemising correlate or share a trade­
off relationship is predicted (Crespi & Badcock, 2008; Baron-Cohen, 2009), 
but is yet to be resolved. The model plots empathising and systemising as 
two dimensional coordinates which create brain types (see Figure 19 for 
illustration of the E-S model). Baron-Cohen et al. (2003) and Baron-Cohen 
(2009) suggest a trade-off relationship between the two intellects is probable,
21 Some of the information presented in this chapter is subject to a manuscript in preparation 
entitled ‘Does empathising and systemising cognition trade-off? A two-part study considering 
age effects’ by S. L. Jones and V. Lesk.
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but it is not necessarily present, and that they may work independently but 
share a ‘special relationship’. However, inferring from Baron-Cohen’s many 
works, the suggestion that testosterone increases systemising ability whilst 
decreasing empathising ability, guides that a negative relationship between 
empathising and systemising should be apparent if hypotheses of the E-S 
theory are accurate (Andrew et al., 2008; Carroll & Yung, 2006; Grove et al., 
2013).
Fig. 19: The E-S theory model. Type B (E = S): unshaded; type E (E > S): 
narrow diagonal stripes; type S (E < S): grey shading; extreme type E: wide 
diagonal stripes; extreme type S: dark grey shading. Axes show SD from the 
mean. Image and footnote information belongs to Baron-Cohen et al. (2003)
So far, there is conflicting evidence in terms of support for the assumption of 
a trade-off relationship between empathising and systemising, which 
indicates that the relationship may be more complex than prophesied by the 
E-S theory and IBT. Some studies which have employed the EQ and SQ
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have found a negative correlation suggesting an empathising and 
systemising trade-off, which is supportive of the E-S and IBT predictions that 
the two are separate yet related constructs (Baron-Cohen et al., 2003; Baron- 
Cohen & Wheelwright, 2004; Goldenfeld et al., 2005; Wheelwright et al., 
2006; Nettle, 2007; Brosnan et al., 2010; Grove et al., 2013; Groen et al., 
2015). Yet other studies fail to find any statistically significant relationship 
between the two (Lawson et al., 2004; Carroll & Yung 2006; Ling et al 2009; 
Russell- Smith, et al., 2012; Jones & Lesk, 2013; Di Ceglie et al., 2014), 
which suggests an independence between empathising and systemising 
rather than the manifestation of a trade-off relationship. Further, by using 
voxel-by-voxel investigations of regional white matter volume and fractional 
anisotropy of diffusion tensor imaging in order to examine white matter 
structures of empathising and systemising, Takeuchi et al. (2013) concluded 
empathising and systemising d score (empathising minus systemising) was 
inversely associated with rWMV in the bilateral temporal lobe, near the right 
inferior frontal gyrus, the ventral medial prefrontal cortex and the posterior 
cingulate cortex. Whereas a positive association was evident in the superior 
longitudinal fasciculus, suggesting support for the trade-off relationship at a 
neurological level, but interestingly, not at a behavioural level as no 
correlation was evident between the EQ and SQ measures (Takeuchi et al., 
2013).
It is thought that whilst biological sex can be a good predictor of ‘brain 
gender’, people often show an atypical cognitive profile for their biological 
sex. Therefore, some suggest that the broader study of sex differences in 
cognition should be now focused on the investigation of ‘cognitive style’
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rather than the influence of biological sex on cognition and what this can offer 
in terms of the implications at a clinical level (Lai et al., 2012). Investigation 
into these proposed cognitive styles has already proposed implications for 
clinical psychology, for instance, as well as offering an explanation of subtle 
differences in normally developing cognition; these theories extend to attempt 
to explain the aetiologies of psychological disorders of the social brain. For 
example, as discussed in Chapter 4, the concept of the E-S theory was 
originally developed from the observation that ASD presents as the extreme 
of male typical behaviours, in that a typical cognitive profile in ASD 
demonstrates hyper-developed systemising ability alongside a hypo- 
developed empathising ability; the EMB profile (Baron-Cohen, 2002).
The IBT takes this line of thinking further, by suggesting that whilst ASD 
presents as the extremes of male sexual dimorphism, schizophrenia, bipolar 
disorder and depression seem to present as the opposite; the extreme of 
female sexual dimorphism (hyper-developed empathising alongside hypo- 
developed systemising) (Badcock & Crespi, 2008). Therefore, the IBT goes 
as far as to suggest ASD and schizophrenia exist as one disorder, connected 
diametrically at opposite ends on a continuum of cognitive profiles which 
characterises the entire population (Badcock & Crespi, 2008) (see Figure 
20).
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F ig . 20: The Imprinted Brain theory model of autism and psychosis. Image belongs to 
Crespi and Badcock(2008)
Investigation into the extremes of the continuum is required (see Chapter 5). 
It seems pertinent that the questions surrounding the unclear nature of the 
relationship between empathising and systemising is somewhat of a 
prerequisite. Indeed, the works produced by both Baron-Cohen (2002, 2003, 
2008, 2009), Crespi and Badcock (2006), Badcock and Crespi (2008) and 
Badcock (2010) offer stimulating and intriguing possibilities in providing 
accurate models in explaining psychological disorders of the social brain, but 
the exact relationship between empathising and systemising (on which these 
explanations are based) requires further investigation.
10.2 Research aims
It is suggested here, that investigation into the central and fundamental 
suggestion of the IBT and the E-S theory (that there should exist a trade-off
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between mentalistic and mechanicalistic cognitive ability) should be 
investigated in isolation from investigation into the relationship between the 
ASD and schizophrenia diametric relationship, This may offer us (i) further 
knowledge about the nature of the relationship between two axis of cognition 
and how they relate to each other in healthy cognition and (¡¡) support the 
fundamental assumptions of the ASD-schizophrenia continuum. For the 
proposed continuum to be accurate it is hypothesised that the healthy 
population should demonstrate a subtle trade-off [in terms of a negative 
correlation (Baron-Cohen et al., 2002)] between systemising/mechanistic 
cognition and empathic/mentalistic cognition.
By administering and interpreting data from psychological tasks and 
inventories, which explore both social and spatial cognition at the general 
population level, study one aimed to investigate the proposed trade-off 
between the two as predicted by the IBT and the E-S theory. The novelty of 
this study is that it takes investigation beyond self-report measures and 
investigates the trade-off relationship with direct performance measures. The 
argument could be made that the self-report measures used in previous 
research may fail to capture actual ability in relation to empathising and 
systemising. For instance, Carroll & Yung (2006) suggest that asking 
someone if they are ‘fascinated by how machines work’ (an example of an 
item on the SQ), simply measures someone’s preference for systemising- not 
their ability at it.
As per the logic inferred by predictions of the E-S theory and the IBT, it is 
hypothesised that (i) tasks of spatial ability will negatively correlate with tasks 
of social cognition, in that as a person’s ability in systemising increases, their
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empathising will decrease, and vice versa (ii) likewise, that self-report 
empathising will share an inverse relationship with self-report systemising.
Study two was conducted with an aim to replicate the findings of study one 
by employing self-report measures of empathising and systemising in a 
community based sample determined by G* Power priori analysis (Faul et al., 
2009). This method controls statistical power before the study is conducted. 
The sample size was calculated in consideration of the alpha level, the beta 
level and effect size (based on previous findings) that was necessary for the 
null hypothesis to be rejected.
10.3 Study 1
10.3.1 Methods
10.3.1.1 Participants
A total of 35 student participants from the University of Bradford were 
recruited to take part in this study. The sample consisted of 23 females (66%) 
and 12 males (34%). No age data is available, however all participants were 
over the age of 18 years. Inclusion criteria specified that participants must 
have (i) no clinical diagnosis of mental illness (ii) have normal or corrected to 
normal vision (in) and a fluent understanding of English language. Ethical 
approval was obtained from the Humanities, Social & Health Science 
Research Ethics committee at the University of Bradford. All participants 
gave their informed written consent.
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10.3.1.2 Materials
Six neuropsychological tasks were employed as proxies to measure social 
and spatial cognition alongside two questionnaires which measured self- 
report empathising and systemising ability. See below for descriptions;
The Empathising Quotient (EQ) - The short form (EQ-S) version of the EQ 
(Wakabayshi et al., 2006b) measuring self-report cognitive and affective 
empathy was administered. See section 6.3.3.2 and appendix 1.
The Systemising Quotient (SQ) - The short form version (SQ-S) of the SQ 
was employed, which measures self-reported ‘everyday’ systemising ability 
(Wakabayshi et al., 2006b). See section 6.3.3.2 and appendix 2.
Together the EQ and SQ provide a score of empathising and systemising 
bias, and have previously demonstrated internal reliability and re-test 
reliability (Lawrence et al., 2004).
The Intuitive Physics Test (iPT) - The IPT (Baron-Cohen et al., 2001) is a 
direct test of systemising which measures what Baron-Cohen et al. (2001) 
terms ‘folk physics’, which is the natural, untaught ability to understand how 
mechanisms operate. The IPT comprises of 20 trials which each require the 
participant to work out the movement of an object which is caused by an 
initial movement. Each trial was presented as a diagram and required the 
participant to use spatial ability to hold the image in space whilst following the 
rules of movement to understand the cause and effect movement (see figure 
21 for example). The correct answer is chosen from 4 possible answers. 
Scores are based on number of correct trials; the range of score is 0-20. 
Participants were given a maximum of 20 minutes to complete the test.
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($ r - - O f (a) either (b) (c) r \  (d) stays still
Fig. 21 : Trial from the IPT. The correct response is (b).
The Folded Box Test (FB) - The FB task (adapted from Newton & Bristoll, 
n.d) is a measure of spatial ability. It aims to measure a person’s ability to 
accurately identify which one of the four flat boxes is the layout of the 
assembled 3D box. The task has four trials (see figure 4 for example trial), 
each with one target assembled box, and four possible correct answers 
Participants were given a maximum of 4 minutes to complete the test.
Fig. 22: example of the folded box task
The Physical Predictions Test (PPT) -  The PPT measures understanding 
of systemising. It is designed to be difficult enough to reveal individual 
differences in non-clinical populations (Lawson et al., 2004). The PPT is 
made up of 40 trials for which the respondent is required to “study
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mechanical diagrams and predict the movement of two levers or bobs in 
response to the movement of a connected lever” (Lawson et al., 2004 p. 
304). The participant was required to identify one correct answer out of five 
possible correct answers (see Figure 23 for example page from the test 
booklet). Scores are based on correct answers and the range of possible 
scores is 0-40. No timing data was recorded. Participants were given a 
maximum of 20 minutes to complete the test.
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SECTION 2 continued: (Remember that option E indicates neither A ,B,C or D)
Predict the movement of the top and bottom levers in response to the side lever being 
moved downwards.
Outcomes.
outoones A-0
Diagrams of open boxes (P -p u lle y  wheel: PS -  pin and slot: L - solid link)
______fII 12 pr-
[ WtTI
Ans»« boxDiagram A B C D E Diagram A B C D Eit 1612 IT13 IS1-1 1®1} Ì»
Fig. 23: The psychical predictions test
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The Cambridge mind-reading face-voice battery (CAM-MR) - The CAM- 
MR (Golan et al., 2006a) is a measure of a person’s understanding and 
recognition of subtle complex emotions through both visual and auditory 
channels. The CAM-MR was developed to provide a test of complex emotion 
recognition which aims to be closer ecologically to real life, as it uses moving 
pictures and voice clips rather than still pictures. The task comprised of 20 
different emotions which were expressed through video clips and voice clips, 
of a professional actor acting out a particular emotion. There were 50 video 
clips trials and 50 voice clips trials, each lasting three to five seconds. The 
participant was presented with four words after each trial. The aim was to 
choose the adjective which best describes the emotional context of the trial 
(see figure 24 for example of a video clip). Scores were based on the 
number of correctly identified emotions, therefore scores range between 0- 
100.
desiring thoughtful tired angry
Fig. 24: Example of the CAM-MR faces 
battery (still image taken from video)
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The reading the m ind in the film s (RMTF) - The RMTF (Golan et al., 
2006b) task is another task of complex emotion recognition. It is different to 
other ToM tasks in that it aims to grasp ecological validity by presenting the 
participant with film clips demonstrating social interaction between two to four 
people in social situations. The participant is required to observe 22 short 
clips from feature films and respond to a question about the emotional 
context of the clip after each video. For instance, a clip is played and a 
question relating to the clip is asked, such as “how is the old lady in the clip 
feeling?”. A choice of four adjectives are available for the participant to 
choose from in an attempt to correctly identify the correct emotion (see figure 
25). Scores are based on correctly identifying the emotion, therefore scores 
range from 0-22. Note: Participants are presented with the list of feature films 
that the clips in this task have been extracted from, before taking part in this 
task. If the participant is familiar with, or has seen any one of the films listed, 
their data is removed from the collection to control for over exposure effects.
How is the man feeling?
intimate bitter remote determined
Fig. 25: Example of the CAM films battery 
(still Image taken from clip)
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A cross-sectional, primarily correlational design was employed; concerned 
with exploring the relationships between empathising and systemising using 
direct performance and self-report measures. Post data collection, the 
sample was also categorised into ‘brain types’ according to the method 
proposed by Carroll and Yung (2006). This made for analysis in way of an 
independent groups design. This study employed standardised 
neuropsychological tasks developed for non-clinical populations using 
standardised scoring. Familiarity with the theoretical bases of these tasks 
allowed for interpretation of cognitive styles and abilities. The researcher 
administered the battery of tests in random order for the purpose of 
controlling for order effects.
10.3.1.3 Design
10.3.1.4 Procedure
Participants were recruited via email advertisement to all faculties at the 
University of Bradford. All participants completed the experiment in one 
session, carried out at the psychology labs in the Division of Psychology, 
University of Bradford. On arrival, participants were required to read the 
information sheet pertaining to the study and if happy to proceed, then signed 
the consent form. The battery of measures was then administered. Sessions 
lasted approximately 60 minutes and no participants requested a break 
during the sessions.
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10.4 Results
The aim of this study was to investigate the proposed trade-off relationship 
between empathising and systemising, predicted by the E-S theory and the 
IBT by employing both self-report and direct measures.
Regression analysis was deemed inappropriate due to a relatively small 
sample size in relation to the number of variables. A correlational design was 
employed followed by an independent groups design in which the sample 
was categorised by Baron-Cohen’s (2003) ‘brain type’ (post data collection) 
using the method offered by Carroll & Young (2006).
One participant was excluded from brain type analysis due to incomplete 
data.
Outliers greater than 3.29 were removed and the assumption of normality 
was tenable across the majority of variables; therefore parametric tests were 
employed at an alpha level of 0.05. Ranges, means and standard deviations 
for all measures can be found in Table 18.
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Table 18: Means, standard deviations and range of scores for all measures
Variable n M ±SD
Min-Max
possible
score
EQ-S 34 27.71 5.11 0-44
SQ-S 35 22.20 9.22 0-50
FB 35 3.06 1.03 0-5
PPQ 35 8.69 5.27 0-40
IPT 35 11 3.73 0-2
CAM-MR 34 76074 7.25 0-100
RTMF 35 13.03 2.76 0-17
N o te :  EQ-S= empathising quotient (short form); SQ-S= systemising quotient (short form); 
FB= folded boxes; PPQ= physical predictions questionnaire; IPT= intuitive physics task; 
CAM-MR= Cambridge mindreading face-voice battery; RTMF= Reading the mind in the films
10.4.1 Main effect o f brain type
In order to investigate the claims of the E-S theory, the sample was 
categorised into groups of ‘brain types’ (Carroll & Jung, 2006). EQ-S and SQ- 
S scores were firstly converted to z-scores, and the difference between the 
scores were calculated. A score of >1.00 was suggestive of a bias for a 
systemising profile or a type S brain. A score of <-1.00 suggests a bias for 
an empathising profile or a type E brain and scores between -1.00 and 1.00 
represents a 'balanced brain’ profile, which is neither a bias in empathising or
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systemising. Table 19 shows the distribution of participants into the three 
categories22 and table 20 shows the distribution of brain type by gender.
Table 19: Distribution of brain types across the sample
Brain type Frequency
Percentage of 
sample
Type S brain 8 23.5
Balanced brain 22 64.7
Type E brain 4 11.8
Table 20: Distribution of brain types by gender
Gender Brain type Frequency
Percentage of 
sample
Type S brain 6 50
Male Balanced brain 6 50
Type E brain 0 0
Type S brain 2 9.1
Female Balanced brain 16 72.7
Type E brain 4 18.2
N o te : table 3 shows that whereas half the male participants scored as type S brains, the majority of 
female participants scored as balanced brains, and where no males scored as type E brains, two 
female participants scored as type S brains.
22 Means and standard deviations for all variables by 'brain type’ as supplementary analysis 
in appendix 10
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Univariate analysis of variance (GLM) revealed that gender had a significant 
main effect on determining brain type [F (1,32) = 5.48, p<0.05],
ANOVA revealed that type S brains (M = 14.13, ±SD = 3.09) scored 
significantly greater than balanced brains (M = 10.41, ±SD = 3.53) and type E 
brains (M = 8.25, ±SD = 2.99) on the IPT [F (2,31) = 5.07, p<0.05]. No 
differences were shown between balanced and type E brains (ns). Also, 
ANOVA revealed that type S brains (M = 71, ±SD = 5.07) scored significantly 
worse than balanced brains (M = 78.52, ±SD = 6.73) but not type E brains (M 
= 77.75, ±SD = 9.91) on the CAM-MR task [F (2,30) = 3.63, p<0.05]. No 
differences were evident between type E and balanced brains were evident 
(ns). No significant differences on performance on the FB task, the PPQ or 
RTMF task were established (ns).
10.4.2 Correlational analysis
Trade-off - Pearson’s correlation coefficient revealed a positive relationship 
between scores on the EQ-S and the SQ-S (r=.01, p<0.05), not supportive of 
the hypothesised trade-off relationship or the independent hypothesis (see 
Figure 26). Correlational analysis did not establish any consistent trade-off 
relationships between the direct performance measures employed in this 
study (ns). The only evident relationship existed between the RTMF task and 
the FB task, demonstrating a significant negative relationship (r = -.33, 
p<.05), however, because no other variables demonstrated this same 
direction, it is possible that this result may be due to type I error.
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R' Linear = 0.106
15.00^------1---------------------------- 1—
.00 10.00
SQ
Fig. 26: Relationship between EQ-S and SQ-S (Study 1)
Associations between self-report and direct performance measures -  In
order to consider the relationship between self-report measures and 
performance measures, the study looked at correlational analysis between 
the EQ-S and the performance measures employed. No relationship between 
the EQ-S and the direct measures of empathising [CAM-MR, RTMF] were 
evident (ns), questioning the validity of the EQ-S. A positive relationship 
between the SQ-S and the PPQ was found {r = .46, p<0.005), suggesting 
that as a person’s self-reported systemising ability increased, so too did their 
measured performance ability. However, relationships between the SQ-S and 
the FB task and the IPT were not apparent (ns).
Associations between direct performance measures - Pearson’s 
correlation coefficient revealed that tasks measuring direct performance of 
cognitive empathy (CAM-MR and RMTF) shared a moderate positive
194
relationship (r =.43, p<.01). Correlational analysis revealed that there was 
also moderate to high positive relationships between tasks measuring 
systemising. For instance, as scores on the FB task increased they also on 
the PPQ (r  =.49, p<0.005) and the IPT (r =.33, p<0.05) and as scores 
increased on the PPQ they also increased on the IPT (r =.67, p<0.001) which 
demonstrates a consistency between the tests employed.
10.5 Main findings - study one
Study one aimed to investigate the predicted trade-off relationship between 
empathising and systemising proposed by the IBT (Crespi & Badcock, 2008) 
and the E-S theory (Baron-Cohen, 2003). By employing self-report and direct 
performance measures of empathising and systemising in a student sample 
(n=35) it was expected that an inverse relationship between empathising and 
systemising would be apparent.
Firstly, biological sex is thought to be a predictor of ‘brain type’, and results 
showed that gender was a significant predictor of brain type which was an 
expected trend and was supportive of previous research (Baron-Cohen, 
2003; Jones & Lesk, 2012). Secondly, and most prominent; results failed to 
provide any support for the theoretical trade-off relationship for both the self- 
report and direct performance measures. Instead, these results suggested a 
small dependency between the two dimensions, highlighted by the positive 
relationship between self-report empathising and systemising. This is a 
significant finding, as it calls into question the validity of the fundamental 
assumptions of the IBT and E-S theory on which the theories of 
neuropsychological consequences of extreme sex differences are built. Our
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study is not the first to report a positive association between empathising and 
systemising measured by the EQ and SQ (Wright & Skagerberg, 2012); 
however, this is the first study to our knowledge to employ this particular 
battery of behavioural measures (CAM-MR, RTMF, FB, IPT and PPQ) to 
explore the theoretical trade-off relationship. Taking inference from 
correlational and ‘brain type’ analysis, our results failed to establish a 
consistent trade-off between empathising and systemising behaviours, which 
ultimately adds weight to the growing number of experimental studies which 
have guided the notion that the inverse relationship is unfounded.
However, our results did establish a small negative correlation between 
scores on the RTMF task and the folded boxes task, which does support the 
trade-off prediction. Yet, whilst that relationship was significant, this chapter 
would argue that the failure to identify any other significant relationships 
between any other variables does not assert a prominent finding and may be 
due to a type I error. Or, alternatively, perhaps highlights the need to 
consider the individual components of empathising and systemising that 
these particular tasks measured and ask the question of whether or not 
specific components of empathising and systemising share a trade-off 
relationship? Further research to explore this consideration is required.
10.6 Study 2
Study two aimed to replicate the unexpected findings of study one (the 
positive relationship between EQ-S and SQ-S), using a larger, more diverse 
sample by G*Power priori analysis.
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10.6.1 Methods
10.6.1.1 Participants
A total of 158 participants took part, with a mean age of 34 years (±SD= 
14.01, Range= 56). Only participants who responded to all questions were 
included, therefore 27 participants were excluded due to missing data. 
Participants were recruited via several channels, including by email invitation, 
posters, mailing lists and social media. Exclusion criteria specified no clinical 
diagnosis of mental illness. Ethical approval was obtained from the 
Humanities, Social & Health Science Research Ethics committee at the 
University of Bradford. All participants gave their informed written consent.
10.6.1.2 Materials
The EQ-S and SQ-S were employed. See section 6.3.3.2 and appendix 1 
and 2.
10.6.1.3 Design
A cross-sectional, correlational design was employed, concerned with 
exploring the relationship between self-report empathising and systemising 
using a sample number determined by G* Power calculation. Participants 
completed the self-report measures online. Post data collection the data set 
was categorised into younger (18-35 years) and older (36+ years) age 
groups.
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10.6.1.4 Procedure
All participants carried out the survey online via a custom designed survey 
hosted by Bristol Online Surveys. Firstly, participants were asked to read the 
information sheet carefully and were informed that by taking part they were 
declaring that they met the exclusion criteria to the best of their knowledge 
and that they were happy to participate in the study. When carrying out the 
survey, participants were not aware of the inventory the questions belonged 
to. Once respondents had accessed each question, the session ended. The 
software automatically excluded data from respondents who did not provide a 
response to all questions.
10.7 Results
The aim of this study was to investigate the trade-off relationship between 
empathising and systemising by employing self-report measures of 
empathising and systemising in a large community based sample.
In order to investigate the hypothesised trade-off relationship, G*Power 
calculation determined a minimum sample size of 115 subjects was required 
for a small to medium correlation (bivariate normal model) (based on results 
from Study 1) at an error probability of 0.05. Outliers greater than 3.29 were 
removed and the assumption of normality was tenable.
10.7.1 Correlational analysis
Pearson’s correlation coefficient demonstrated a small positive association 
between scores on the EQ-S (M= 28.93, ±SD= 7.27) and scores on the SQ-S
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(M= 18.14, ±SD= 10.37) (r =.16, p<0.05, n =131) (see Figure 27). Regression 
analysis revealed an R2 of .02 (R2 Adj=.02), and the model was just above 
the significance cut off at p = 0.07 [F (1,129) = 3.20].
Fig. 27: Relationship between EQ-S and SQ-S (Study 2)
10.7.2 Age effects
One variable that has not previously been considered in the literature, as far 
as the researcher is aware, is the effect of a person’s age on empathising 
and systemising cognition. It is not unreasonable to assume that because of 
factors that change over a person’s lifetime that empathising and systemising 
may change also. For instance, changes occur in the brain as a result of 
natural aging processes (Gilsky, 2007). There is evidence of age related
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cognitive changes in the hippocampus (Driscoll et al., 2003; Rosenzweig & 
Barnes, 2003 Lister & Barnes, 2009), a structure that is thought to be closely 
associated with systemising cognition (Magiure et al., 2000). Age related 
differences are also evident on tasks of spatial cognition (Grqady et al., 1994; 
Reuter-Lorenz et al., 2000; Moffat et al., 2006). Additionally, there is also 
evidence to suggest cognitive processes that are implicated in empathising, 
are subject to age related affects (Happé et al., 1998; Philips et al., 2002; 
Bailey et al., 2007; Maylor et al., 2010; Carstensen et al., 2011). Further 
reason to investigate the effect of age on empathising and systemising, 
pertains to age related risk effects for ASD and schizophrenia. For instance, 
increased parental age has shown to be a risk factor in the incidence of ASD 
(Grether et al., 2009; Hultman et al., 2011; Parner et al., 2012; D’Onofrio et 
al., 2014; McGarth et al., 2014; Sanain et al., 2016) and schizophrenia 
(Malasoina et al., 2001; Bourne, 2004; Ek et al., 2014; McGarth et al., 2014). 
Pearson’s correlation coefficient revealed a small positive relationship 
between scores on the EQ-S and SQ-S for 18 to 35 year olds (M= 27.90 
years ±SD= 8.42) (r= .32, p<0.05, n=94). The regression model was 
significant [F (1,92) = 9.76, p<0.05], with SQ-S scores explaining 10% of 
score variance [R 2=.10 (R2 Adj =.09)]. The opposite was found for those 
between the ages of 36-74 years (M= 53.72 years ±SD= 7.70)]; a small 
moderate inverse correlation was evident (n= -.30, p=0.055, n= 28), the 
regression model was ns. See Figure 28.
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Fig. 28: Age effects on the relationship between EQ-S and SQ-S
10.8 Main findings - study two
Study two was conducted to provide replication of the positive relationship 
between empathising and systemising found in study one in a larger 
community based sample (determined by G* Power analysis). Results 
supported the previous findings; a small positive relationship was evident 
between empathising and systemising (EQ-S & SQ-S). This suggests that as 
empathising increased, so too did systemising, which again, points to a 
dependency between the two cognitions rather than the predicted trade-off. 
However, an interesting pattern of results emerged when the sample was 
subsequently examined in relation to age effects. The study found that in the
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younger age group (18-35 years) a positive (larger) association between 
empathising and systemising was maintained, however in the group of 36+ 
years, we found the opposite trend; an inverse relationship between 
empathising and systemising was apparent, providing support for the 
trade-off relationship between the two dimensions of cognition, as 
predicted by the IBT and the E-S theory. This is the first study to the 
researcher’s knowledge to explore age related effects on the relationship 
between empathising and systemising. This discovery provides the first 
insight into the potential importance of considering age in relation to how 
empathising and systemising work together and signifies the importance of 
exploring this observation further in future research.
10.9 General discussion
In relation to study one, the notion of a trade-off between mentalistic and 
mechanistic cognition fails to be substantiated by a robust evidence base, 
and it is argued here that there is likely to be some error in the presumption 
of a consistent trade-off relationship between the two dimensions.
Further to this, not only does this study not support a trade-off, we also fail to 
support independence between the two dimensions which Baron-Cohen 
(2003) suggests is also a possibility. It instead supports the notion of a small 
dependency between empathising and systemising. In terms of the 
implications for the assumptions of the IBT and the E-S theory at a 
behavioural level, our results are not in line with the trends between these 
two cognitions that would be expected. However, interestingly, when 
considering findings from study two, we can offer support for the predicted
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trade-off relationship, but only in person’s over the age of 36 years. Study 
two found that the dependency between empathising and systemising was 
maintained in the younger adults, yet an inverse relationship between 
empathising and systemising was found in the older group. Why would this 
be the case? This is the first study to our knowledge that has investigated 
age related effects on empathising and systemising and replication is 
required before robust conclusions can be drawn, however, this chapter 
suggests a few possible explanations.
Firstly, let us consider the influence of biological and psychological changes 
within the brain that occur with the natural aging process (Gilsky, 2007). 
Unique patterns of loss occur in different structures of the brain (Driscall et 
al., 2009); how far can we infer that these changes explain the difference in 
the relationship between empathising and systemising cognition according to 
age? There is some evidence to suggest that systemising abilities are 
implicated in the hippocampus (Maguire et al., 2000; Driscoll et al., 2003), 
and it has been found that (for women especially) the hippocampus is 
particularly vulnerable to age related loss (Crivello et al., 2014), which may 
begin to decline in early adulthood (20/30 years of age) (Salthouse, 2009). 
This would be particularly relevant here, as our older age group comprised of 
person’s over the age of 36 years. Further to this, cognitive functions 
associated with empathising have found to be maintained in age related 
cognitive decline (Carstensen et al., 2011). Could it be that empathising is 
maintained and systemising is subject to greater loss in older adults, 
therefore we observe the trade-off relationship between empathising and 
systemising in older ages? Obviously, the structure function relationship is
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complex and subject to much inference, in that neuroanatomical changes 
may not lead to cognitive performance changes (Raz & Rodrigue, 2006). 
Therefore, we offer this as postulation only, however further research is 
warranted.
Secondly, it is suggested that the structure of the measures employed, 
namely the SQ, does not take into account, and adapt to, the increasing use 
of smart technology in everyday life, especially in younger adults. Take for 
instance this statement; 7 rarely read articles or web pages about new 
technology; before the popularity of smartphones and portable computer 
devices, to respond positively to this statement, the respondent would have 
to be actively seeking out articles about technology. However, in today’s 
world, we are exposed to vast amounts of new information at a rapid pace, 
which is easily accessible. News and media outlets on our smart devices 
offer this information to us without any effort on our part to pursue it, which 
may mean that we are exposed to this information without seeking it out. 
Another example is the SQ statement 7 find it difficult to learn my way around 
a new city’. Again, our access to smart technology means that systemising 
can be done for us, respondents may factor in that they use their smart 
devices to guide them around new places without the need to use signage, 
paper maps or even spatial awareness. Therefore, some respondents may 
respond positively to this statement because they are aided by smart 
technology in this task. Does this frequent use of and easy access to smart 
technology allow respondent’s to answer differently to what they might do if 
we did not have technology readily available to systemise for us? This is 
particularly relevant when considering the concept of age effects on
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empathising and systemising in relation to smart technology, as research has 
shown that when taking into account education and affluence, older adults 
who are considered less affluent are ‘largely disconnected’ to smart 
technology (Smith, 2014). Further, Wakefield (2015) suggests that there is a 
dearth in the of use of smart technology in older adults of today, due to a 
fundamental lack of understanding of basic technology which leads older 
adults to not appreciate the usefulness of modern technology aids. However, 
whilst this may be a useful postulation in terms of elderly adults, the older 
adults in our study comprised a range of ages between 36 and 74 years with 
a mean age of 53 years, therefore it is difficult to apply this research to such 
a broad range of ages and unlikely to apply to people in mid-life. However, it 
is proposed here that revision to the SQ items to control for statements which 
have the potential to refer to technology that systemises for us rather than 
measures interest in, or ability in systemising behaviours is warranted. Whilst 
considering these explanations, our results strongly support that age has a 
significant effect on the presence of the assumed trade-off; finding that older 
adults demonstrate the trade-off relationship between empathising and 
systemising. Whereas, young adults demonstrate a positive correlation 
between the two cognitive processes. These findings represent the first 
results to our knowledge that illustrate this trend and provide a new insight 
into the relationship between empathising and systemising.
In terms of how these results contribute to the ongoing debate in the 
relationship between mentalistic and mechanistic cognition, they add to the 
studies that fail to support the notion of a consistent trade-off (Russell-Smith 
et al., 2012). Yet, as previously discussed, some studies have found a trade­
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off between the EQ and SQ (Baron-Cohen et al., 2003; Baron-Cohen & 
Wheelwright, 2004; Goldenfeld et al., 2005; Wheelwright et al., 2006; 
Brosnan et al., 2010; Grove et al., 2013; Groen et al., 2015), which when 
considered collectively, signify the importance of teasing out the complexities 
of this relationship. However the evidence presented here of a positive 
relationship between empathising and systemising in younger adults and an 
inverse relationship between empathising and systemising in older adults, is 
a thought-provoking novel finding that requires further investigation.
10.9.1 Considerations
Our analysis highlights the concern of incongruity between self-report and 
direct performance measures. Russell-Smith et al. (2012) also found a 
significant lack of correlation between self-report measures and direct 
performance measures of empathising and systemising when conducting a 
similar study. The inconsistency found in this study drives the need for future 
research, which is aimed at teasing out the reasons for this incongruity. 
Andrew et al., (2008) argue that most of the investigation into the E-S theory 
is limited, in that it employs the EQ and SQ exclusively. The EQ and SQ are 
ultimately self-report measures, which are weighted with the criticism that 
they are problematic due to measuring a person’s opinion of how empathic or 
systematic they may be, instead of directly assessing skilfulness in said 
abilities. It is notable that much of the work surrounding the E-S theory and 
the relationships between empathising and systemising has employed these 
measures, which according to Andrew, et al. (2008) are not well validated 
(although both the EQ and SQ have been found to be well validated, see
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Lawrence et al. [2004]). This study contributes to the argument surrounding 
the reliability of self-report measures as this study found no correlations 
between self-report empathising and direct measures of empathising in study 
one; questioning whether self-reported ability is reliable enough to draw 
conclusions from.
In relation to study one, only cognitive empathy was measured and measures 
of affective empathy may show different results as the two components of 
empathy (cognitive and affective) have been found to measure as two distinct 
abilities in ASD samples (Henry et al., 2007; Russell-Smith et al., 2012). 
Future studies should employ direct measures of affective empathy as well 
as cognitive empathy for a comprehensive measure of both empathy 
components.
If empathising and systemising fail to show an association at a general 
population level, then it leads us to conclude that the nature of the E-S theory 
may not be a continuum at all. It would be difficult to link the relationship 
between empathising and systemising in the general population to the 
relationship between empathising and systemising in an ASD sample- where 
the negative relationship is observably apparent (Carroll & Yung, 2006). It 
may be more accurate to propose that the EMB theory (Baron-Cohen, 2002) 
and the E-S theory can be understood as separate models. A question 
proposed by the findings in this study lead us to consider; should 
investigation into the wider research area of the ASD - schizophrenia 
continuum go forth separately relative to the investigation into the typical sex 
differences in the general population?
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10.9.2 Limitations
It is acknowledge that there are some limitations in this study which must be 
considered before inferring any solid conclusions. The tasks employed in this 
study may be insufficient in their assessment of empathising and systemising 
in that the tasks employed may measure only a narrow part of the broader 
empathising and systemising concept (as referred to above). For instance, 
whilst the EQ measures both cognitive and affective empathy, the 
empathising tasks are a measure of cognitive empathy but not affective 
empathy. Also, the tasks employed cannot claim to comprehensively 
measure systemising, but instead only the specific parts of spatial or logical 
reasoning ability. Future studies should investigate the narrow branches of 
empathising and systemising in relation to each other and analyse them 
separately in order to investigate whether only certain aspects of both 
empathising and systemising share the predicted trade-off of the E-S theory 
and IBT concepts. Lastly, Russell-Smith et al. (2012) advises that given the 
close links between systemising and IQ, controlling for IQ in studies that 
investigate empathising and systemising is advantageous; this should be a 
consideration in future studies.
10.10 Conclusions
These results provide substantial evidence that supports the need to 
reconsider the fundamental assumptions about the relationship between 
empathising and systemising made the IBT and the E-S theory. Results also 
provide novel findings that emphasise how exploring the age effects has a
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significant contribution to the relationship between empathising and 
systemising.
It is only logical that a negative relationship between the two should exist. 
The fact that this study and others (Baron-Cohen et al., 2003; Carroll & Yung, 
2006; Ling et al., 2009; Auyeung et al., 2012; Jones & Lesk, 2013; Meng- 
Chuan et al., 2012; Russell- Smith et al., 2012; Di Ceglie et al., 2014; 
Takeuchi et al., 2014) fail to find this is problematic, especially since this 
study adds novelty to the literature in that it employed a particular battery of 
standardised direct measures of empathising and systemising, not solely 
self-report scales. Further, both Andrew, et al. (2008) and Jarrod, et al. 
(2000) argue that the very small correlation (usually around r  = -.17) found in 
some supportive studies does not provide robust support for the trade-off 
predicted by Baron-Cohen. Jarrod, et al. (2000) signifies, and this paper can 
only conclude a similar opinion that, the E-S theory should have a substantial 
evidence base for a negative relationship between empathising and 
systemising and if this is not manifest in experimental research, then the 
theory needs revision or at least some clarity on what exactly its fundamental 
assumptions are. However, the notion of a trade-off between empathising 
and systemising is apparent in older adults alongside a linear dependency 
between empathising and systemising in younger adults, which provides 
novel findings that add to the complexity of the relationship between the two 
processes.
It is important that the IBT or E-S continuum have a body of supportive 
research that demonstrates that its theory is grounded within an accurate 
model to explaining sex differences. Because the whole E-S continuum relies
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on these fundamental assumptions between empathising and systemising 
(as does the predictions of the IBT), it must be addressed that if experimental 
evidence Is not supporting such a postulation then the theory needs some 
revision. We believe the findings from this study offer new insights into the 
seemingly complex relationship between empathising and systemising which 
highlights the potential importance of age effects determining the relationship 
between empathising and systemising. Further research is warranted.
10.11 Chapter summary of key points
• The concept of the EFB sits within the wider concept of the E-S 
continuum.
• Experimental support for the E-S in terms of the predicted trade-off 
between empathising and systemising is limited and contradictory.
• Study one employed both self-report and direct performance 
measures of empathising and systemising in a student sample (n=35); 
hypothesising that a trade-off between the two types of cognition 
would be apparent.
• Results indicated a positive association between empathising and 
systemising, suggesting a dependency between the two.
• Study two was conducted to replicate the previous result in a larger 
community based sample, and also explored possible confounding 
factors such as age, to determine if these cognitive abilities remain 
constant throughout the lifespan.
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• Results demonstrated that there is a significant dependency between 
empathising and systemising in younger adults, however, a trade-off 
between empathising and systemising is apparent in adults older 
than 36 years o f age.
• This is the first study to the researcher’s knowledge to explore age 
related effects in reference to the relationship between empathising 
and systemising. This provides the first insight into the importance of 
considering how age significantly determines the relationship between 
empathising and systemising.
• Considering the changes that occur in social relationships throughout 
the lifespan and the affects that life events such as pregnancy and 
menopause can have on hormone levels, this chapter argues that age 
must be taken into account in studies that aim to measure cognitive 
functioning that is involved in emotional processing. Further, 
investigation into the social changes that occur throughout the lifespan 
should be investigated -  for instance, social psychology concepts 
could be useful here, for future research to explore the social changes 
in the lifespan, and how they may contribute to the relationship 
between empathising and systemising cognition.
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Chapter 11
General conclusion
11.1 Thesis objectives and rationale
The E-S theory is based on the premise that sex differences can be 
categorised into two main concepts; empathising ability, the drive to 
understand others’ mental states, and systemising ability, the intuitive ability 
to understand phenomena that uses a system (Baron-Cohen, 2003). By 
quantifying these cognitive abilities, the E-S theory is able to categorise the 
population into ‘brain types’ based on a trade-off between empathising and 
systemising. When this trade-off is at an extreme bias towards systemising, 
research shows that this profile -  the extreme masculinised profile -  results 
in the expression of ASD (Baron-Cohen, 2002).
The primary aim of this thesis was to address an important gap in the 
literature -  can a feminised brain profile result in pathology in the same way 
that the masculinisation of the brain can result in neuropsychological 
disorder? This thesis explored this question based on the hypothesis of the 
IBT; that ASD and schizophrenia exist on a continuum as diametric disorders 
of the social brain, determined by a bias towards either maternal or paternal 
gene imprinting (Badcock & Crespi, 2006). The question of a possible link 
between a feminised brain profile and pathology Is important to explore due 
to the dearth of research into pathology of the feminised brain profile. 
Especially when considering the progress that has been made in furthering
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the knowledge of how extreme sex differences can be implicated in disorders 
such as ASD (Baron-Cohen, 2002), Angelman syndrome and Prader-Willi 
syndrome (Knoll et al., 1989; Kirkilionis et al., 1991; Oliver et al., 2007; 
Buiting, 2010) (Chapters 2, 4 & 5). This thesis investigated the feminised 
brain profile in relation to schizotypy traits in the healthy population. It took 
into consideration that, in an attempt to link the EFB profile with 
schizophrenia, previous works have failed to recognise that schizophrenic 
conditions consists of numerous individual components that may share 
specific relationships with empathising and systemising. Therefore, it was 
argued that previous work has been too general, and a more accurate 
investigation into this IBT hypothesis was derived from investigation into the 
individual phenotypes of schizotypy, rather than quantifying schizotypy as a 
whole. It seemed rational to consider the notion that specific cognitive 
processes, behavioural, or personality traits may share specific types of 
relationships with each other, thus aiming to collate a clearer theory of the 
relationship between the feminised profile and schizotypy in this thesis 
compared to previous findings in the EFB literature.
Secondly, cognitive networks which have not previously been explored in 
relation to the E-S model of sex differences were examined. This thesis 
investigated the predictive power of episodic memory ability in relation to 
accurately placing a person on the E-S continuum. As far as the researcher 
is aware, this was the first investigation that considered a link between the E- 
S model and memory ability. This was an important study that demonstrated 
that other networks are implicated in empathising and systemising which
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identifies that the E-S model is capable of incorporating other cognitive 
processes, other than just networks involved in spatial and social cognition.
Thirdly, an additional unavoidable objective became apparent as this thesis 
progressed. It became pertinent to address an important grey area in the 
literature - the question of the accuracy of the E-S theory in terms of the 
fundamental assumption that empathising and systemising share a ‘trade-off 
relationship. This specific question was important in three ways. Firstly, any 
investigation relating to psychological and neuropsychological disorder that is 
thought to be expressed due to these patterns of extreme sex differences (as 
per the primary aim of this thesis), need a solid evidence base on which to 
test hypothesises -  and this presumed trade-off was not apparent 
consistently throughout this thesis. Secondly, the E-S theory has been 
subject to vast amounts of research in an attempt to explain sex differences 
in non-clinical populations (Chapter 3). However, on closer inspection of 
these works, very few studies have raised the question of the presence of the 
presumed trade-off relationship that should be apparent if the model is 
accurate. Therefore, not only was thorough investigation into this central 
association between empathising and systemising required to clarify the 
results in this thesis, it also questioned the findings presented in previous 
research that seemingly ignores the questions surrounding the trade-off 
relationship between empathising and systemising. Thirdly, the definition of 
the EFB concept is based on the E-S model; therefore, if the E-S model is in 
need of revision to its fundamental assumptions in terms of the relationship 
between empathising and systemising, this significantly effects investigation 
into the EFB.
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11.1.1 Experimental design
These questions were investigated using a variety of cognitive task 
paradigms and self-report inventories. In order to explore the notion of 
gendered brains (i.e., the E-S theory), this thesis employed three different 
experimental methods; the grouping variable of ‘brain type’ (Carroll & Yung, 
2006), the grouping variable of E-S bias using z-scores and the notion of 
empathising and systemising as independent variables using continuous data 
in regression analysis. This procedure was to ensure that a comprehensive 
investigation into the principles of the E-S theory was carried out and the 
method employed to categorise the data was suitable for the specific 
research question in each experimental paradigm. All of the experiments 
reported in this thesis employed non-clinical samples; however, due to the 
continuum nature of this research area, the findings reported here have 
implications for clinical populations of ASD and schizophrenia cohorts.
The subsequent section provides a summary of the experimental chapters 
presented throughout this work. Following this, a discussion surrounding the 
implications, possible methodological considerations and issues is presented. 
Finally, suggestions for possible future studies that are appropriate to further 
advance these discoveries are offered, along with concluding remarks.
11.2 Summaries of experimental chapters
Chapter 6 focused on the identification of cognitive functioning that had not 
previously been considered in relation to the E-S model. The hypothesis that 
memory ability may be implicated in the E-S model was based on the notion
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the IBT posits that advanced episodic memory should be evident in feminised 
profiles. This is due to the theoretical association between the feminised 
profile and schizophrenia, which is based on the belief that episodic memory 
failure is thought to be the underlying cause of schizophrenia symptoms such 
as hallucinations and delusions (Badcock, 2011). This study employed a 
novel episodic memory paradigm which explored source memory (SM), 
associative memory (AM) and source monitoring error (SME) to test the 
hypothesis that participants who scored greater on empathising, and lesser 
on systemising ability (i.e., type E brains) would demonstrate greater ability in 
episodic memory recall. Results revealed that both AM ability and the 
frequency of SMEs could indeed be a predictive cognitive marker of a 
person’s place on the E-S continuum, specifically when the memory involved, 
a social context. Not only does this establish new knowledge in relation to 
the other cognitive networks that are implicated in the E-S model, it also 
provides the first (to the researcher’s knowledge) study to find empirical 
support for the IBT’s postulation that higher empathisers are likely to 
experience source monitoring failure based on the link between diminished 
episodic memory capacity and schizophrenia (Badcock, 2011). Further 
research should investigate more cognitive functions that could be 
associated with empathising and systemising such as attention, semantics, 
perception and other areas of memory processing such as semantic memory, 
all with a social and non-social condition.
Having identified novel cognitive markers on the E-S continuum in Chapter 6, 
Chapter 7 moved on to explore specifically the hypothesis that schizophrenia
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is associated with a type E brain profile (Badcock & Crespi, 2008). The study 
investigated E-S theory ‘brain types’ (see section 3.4 for a detailed 
description of this concept) in relation to dimensional schizotypy (Chapter 9). 
Results revealed that, interestingly, and contrary to the hypothesis of the IBT, 
type S brains (those who scored lesser on empathising and greater on 
systemising abilities) scored greater on scores of schizotypy (overall) than 
both balanced brains and type E brains. This is an important finding which 
does not support the IBT’s prediction that schizophrenia is associated with 
the feminised profile. Instead, results demonstrated that a masculinised 
profile scores significantly higher on schizotypy, leading to the conclusion 
that schizotypy is associated with a systemising bias, not an empathising 
bias -  in direct opposition to the IBT hypothesis. This however is not 
surprising when considering the difficulties with social intelligence 
experienced in ASD, which may lead to the expression of negative symptoms 
of schizotypy such as flattened affect, avoidance of social intimacy and 
situations.
Considering the unanticipated findings reported in Chapter 7, more in-depth 
investigation was warranted into the theoretical link between positive 
schizotypy and the type E brain profile based on the predictions of the IBT. 
The study reported in Chapter 8, asked the question of whether the 
postulation of the diametric relationship between the broad combined 
phenotypes of ASD and schizophrenia is too simplistic. It seemed rational to 
consider, based on the results of the previous chapter, that the notion that 
specific phenotypes may share specific types of relationships is likely. This
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study explored the relationship between E-S bias (section 8.3.2 for details) 
using a novel task paradigm measuring paranoid ideation (PI) and jumping to 
conclusions bias (JTC) (section 8.1.2 for detailed overview of these 
concepts). The theoretical justification for this study derived from the close 
affiliation between ToM (empathising) and the experience of paranoia 
(Thakkar et al., 2008). Results demonstrated that performance on the JTC 
task was significantly affected by E-S bias, with greater empathisers and 
lesser systemisers showing greater tendency to jump to conclusions. 
These findings established that, those who presented with an empathising 
bias required less evidential information before making a rational decision, 
compared to those who presented with systemising bias. This supports the 
expected trend theorised by the IBT (Badcock & Crespi, 2006). However, 
interestingly, greater empathising was also associated with lesser 
experience of paranoid thoughts, once again going directly against the IBT 
hypothesis. This study, therefore offered both support and conflicting findings 
for the IBT model. Here, it was concluded that there is evidence of a link 
between positive schizotypy and the ‘female brain’, but only when 
considering individual phenotypes of schizotypy -  as clearly, not all 
components of schizophrenia can be considered an accurate 
characterisation of the EFB.
Chapter 9 aimed to assess the exact nature of the relationship between ASD 
and schizophrenia traits in an adult neurotypical sample. The rationale for 
this investigation was derived from the lack of experimental support for the 
predictions of the IBT model reported in Chapters 7 and 8. Therefore, it was
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important to directly address the relationship between ASD and 
schizophrenia traits in order to apply clarity to previous findings. Badcock and 
Crespi’s (2006) diametric model creates a continuum of cognitive profiles that 
incorporate ASD and schizophrenia at the extreme ends, with trait 
populations in between. Administering self-report inventories, results in this 
study demonstrated that ASD and schizophrenia traits (overall) were 
positively correlated (r = .52), therefore signifying an overlap of diagnostic 
phenotypes rather than the diametric one. Based on this finding, it was 
concluded that positive schizophrenia and autistic phenotypes exist on 
separate spectra, with phenotypes relating to negative symptomology 
(diminished affect, avoidance of social intimacy and lack of enjoyment from 
social situations [Mason & Claridge, 2005]) overlapping; significantly rejecting 
the prediction by the IBT at a non-clinical population level and providing 
clarity to the previous studies (Chapters 7 & 8). Again, this study highlights 
the need to explore individual phenotypes of schizophrenic conditions in 
relation to the EFB rather than schizophrenia as a whole.
Chapter 10 was the final experimental study reported in this thesis. It 
reported a two-part study which focused on clarifying the fundamental trade­
off presumption between empathising and systemising cognition. When 
exploring the data sets collected in previous studies, it became apparent that 
the presumed trade-off was consistently not evident using correlation 
analysis of tasks measuring empathising and systemising. This study 
interpreted data from psychological tasks and inventories which explored 
both social and spatial cognition in a student sample (Study 1) and a general
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population sample (Study 2). Results from study one demonstrated a small 
dependency between empathising and systemising cognition, 
significantly calling into question the validity of the fundamental assumptions 
of the IBT and E-S theory. Study two was conducted to provide replication of 
the positive relationship between empathising and systemising found in study 
one, in a larger community based sample (determined by G* Power 
analysis). This also explored possible confounding factors such as age- 
related effects to determine if these cognitive abilities remain constant 
throughout the lifespan. Results demonstrated that there is a significant 
dependency between empathising and systemising in younger adults, 
however, a trade-off between empathising and systemising is apparent 
in adults older than 36 years of age. This is the first study to the 
researcher’s knowledge to explore age related effects on the relationship 
between empathising and systemising and provides the first insight into the 
importance of considering how age significantly determines the relationship 
between empathising and systemising. This is not a surprising finding, given 
that changes in social relationships over the lifespan occur and life events 
such as pregnancy and menopause affect hormone levels, therefore, age is a 
factor that must be taken into account in studies such as this.
11.2.1 Summary of findings
To summarise, the results presented here suggest that memory ability is 
significantly associated with empathising and systemising ability; capacity for 
social associative memory can significantly predict a person’s place on 
the E-S continuum. This was an original finding that had not previously
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been investigated, therefore adding significant, new knowledge to the E-S 
theory literature. Also, higher empathisers are also more susceptible to 
SMEs. This provided the first (to the researcher’s knowledge) empirical 
evidence supporting the prediction of the IBT that episodic memory capacity 
is likely to be reduced in feminised profiles. At the same time, further support 
for the IBT model came from the finding that JTC bias was associated with 
empathising bias, suggesting a possible link between the female end of the 
E-S continuum and individual phenotypes of schizophrenia. In direct conflict 
of the IBT presumption, type S brains were found to have greater levels 
of schizophrenia traits. We would expect, if the schizophrenia can 
accurately characterise the EFB profile that female brains would present with 
greater positive schizophrenia traits, therefore it was concluded that 
schizotypy is most likely to be associated with the masculinised profile. This 
finding was supported by the next experimental study that found ASD and 
schizophrenic traits positively correlated in a large general population 
sample, again, providing support for the previous findings and confirming a 
lack of experimental support for the predictions of the IBT model of diametric 
opposites. Results of the final study demonstrated that in adults aged over 
36 years, a trade-off relationship between empathising and systemising 
is evident, supporting the E-S theory’s fundamental assumption yet 
suggesting that the ‘trade-off is a concept much more complex than 
previously anticipated.
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11.3 Implications of this thesis
This thesis adds to the debate on whether sex differences should be 
considered a modulating factor in all neuroscientific enquiry. It questions the 
notion that data may not be generalisable; perhaps results should be 
considered sex specific when only one gender is employed in a sample? 
This thesis significantly contributes to the debate by highlighting the notion 
that this area is indeed a complex and important area of research. Most 
importantly, whilst widening the knowledge pertaining to both the E-S and 
IBT, at the same time, this thesis offers new knowledge to the research area 
and argues that some of the major claims of the most popular theories are in 
need of serious revision.
The implications for the field of social cognitive neuroscience are vast, 
especially when considering the impact that human sex differences have on 
psychopathology and neuropsychological disorder (Baron-Cohen, 2002; 
Zahn-Waxler et al., 2008). This thesis argues that there is a clear need for 
the further development of accurate models of sex differences in relation to 
brain structure, anatomy, and behaviour. This would allow the field to 
establish useful treatment formulas and explore possible strategies for 
intervention before pathology is manifest (for example, the notion that 
testosterone could have a protective effect of the pathology of the EFB due to 
the theoretical deficiency of testosterone in this profile [Chapter 4]). In 
addition, the observation that age significantly affects how cognitive functions 
work together with each other (the E-S trade-off) suggests that age should be 
a consideration in studies such as the kind reported in this thesis.
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Specifically in relation to the implications for the EFB concept, this thesis 
provides a much clearer picture of the comparability between the E-S theory 
and the IBT than previous accounts. This thesis establishes a link between 
the ‘female brain’ profile and JTC bias (Chapter 8), which is a non- 
pathological concept within the broader positive schizophrenia 
symptomology. However, contrary to the initial hypothesis, these works 
significantly rejected the notion of a potential relationship between the EFB 
profile and schizophrenia. Specifically, when considering that this thesis 
found that (i) type S brains are significantly associated with schizotypy and (ii) 
ASD traits and schizotypy were found to share significant overlap of 
phenotypes. It is concluded here that the IBT at a behavioural level requires 
revision.
Considering this, in terms of the implications for the field of study more 
generally, this particular finding signifies the importance of investigating the 
individual components of larger phenotypes in relation to the EFB (and 
indeed other cognitive profiles). Whilst this thesis did not employ clinical 
samples, this notion can have implications for the concept of ‘diagnostic 
semantics’. For instance, schizophrenia, borderline personality disorder, 
depression and ED amongst others, all share ‘trans-diagnostic’ causes and 
symptoms, and are often associated with schizophrenia through high rates of 
co-morbidity (Dinsdale et al., 2016). Therefore, Dinsdale et al. (2016) suggest 
that in the context of this specific research area ‘it is important to bear in mind 
that psychiatric diagnoses represent artificial constructs rather than 
etiologically-defined diseases per se’ (p. 12). Considering this, together with 
the significant finding that individual concepts of positive schizophrenia were
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found to share a relationship with the ‘female brain’ profile. It is advised here, 
that research should aim to explore individual symptoms of disorder, rather 
than disorders as a whole, in order to (i) gain more in-depth, accurate 
research (ii) help unravel the complex issue of diagnostic issues in relation to 
symptom overlap and (iii) to provide more reliable normative data in which to 
compare (for example taking age into account).
Further to this, let us consider that even if ASD and schizophrenia share 
similar phenotypes (which is apparent in Chapter 9), they may not share the 
same underlying aetiology. Perhaps a more accurate way of modelling the E- 
S theory and the IBT, would be to discount the continuum model and instead 
consider that it is plausible that phenotypes are connected in a non-linear 
fashion. It seems reasonable, based on this thesis, that the EMB and the 
EFB profiles should be thought of as phenotypically separate from the E-S 
theory.
Additionally, it was revealed that the majority of previous research into the 
EFB concept has failed to fully take into account the role of systemising. In 
that, experimental paradigms often only involve measures of empathising, or 
disregard the results pertaining to systemising. As a consequence of not 
including, or removing systemising in the experimental paradigms, 
investigators are treating empathising and systemising as two separate 
entities, when the hypothesis of the E-S theory is that they are connected on 
a continuum. This thesis strongly recommends that academics aiming to 
investigate 'brain types' such as the EFB, must consider the role of 
systemising to the same extent as empathising in order to accurately 
investigate the EFB profile. Therefore, it is argued that the data presented in
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this thesis provides the field of research with a more defined picture of the 
type E profile, by including methods that measure both empathising and 
systemising equally.
Shortly after the experimental data collection period of this thesis was 
concluded, Bernard Crespi and colleagues (Dinsdale et al., 2016) reported a 
new study that claimed a more accurate EFB characterisation may be that of 
borderline personality disorder (BPD). Their results (meta-analysis) 
communicate that performance on the RMTE task is enhanced in sub-clinical 
depression and preserved in BPD, suggesting that together with the high 
female to male ratio, BPD is a more accurate fit with the EFB pathological 
consequence. However, once again, Dinsdale et al. (2016) failed to 
adequately take systemising into account, highlighting the obvious neglect in 
the literature for this imperative consideration. In the same paper, Dinsdale et 
al. (2016) acknowledge that empathising and systemising should trade-off 
based on the mediating effect of fT, yet, failed to investigate the role of 
systemising in their investigation. Instead, they concentrated solely on hyper- 
empathising in an aim to characterise the EFB. Whilst it is suggested here 
that Dinsdale’s et al. (2016) findings are useful and promising results that are 
worthy of further investigation, it is the position of this thesis that, as yet, the 
authors can only claim to have established an association between BPD and 
hyper-empathising -  not an association between BPD the EFB profile. It is 
argued here that this thesis is one of the very few works that 
comprehensively investigates systemising (as well as empathising) in relation 
to psychopathological traits in an attempt to accurately explore the potential 
pathology of the EFB profile.
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Since the conclusion of the data collection period of this thesis, Baron-Cohen 
and colleges (Larson et al., 2015) directly responded to the hypothesis that 
the IBT provides a fitting model equipped to characterise the EFB profile. 
Larson et al. (2015) investigated the relationship between the EFB and 
psychosis in a clinical sample (the first study to do so), they compared 
empathising bias (see section 8.3.2) in two groups; one group was diagnosed 
with ASD without psychosis and the other was diagnosed with ASD with co- 
morbid psychosis. Results showed that the co-morbid psychosis group had a 
greater empathising bias than the ASD without psychosis group, suggestive 
of a link between empathising bias and psychosis. However, the authors note 
that on greater examination of the results, the ‘driver’ for this pattern was 
higher than average I.Q (Larson et al., 2015). In addition, it was recognised 
that the sample as a whole had a preference for systemising over 
empathising, as would be expected in an ASD sample. Therefore, at best, 
those with a bias for empathising could only be considered as ‘balanced 
brains’, not ‘female brains’. Larson et al. (2015) concluded that the IBT model 
is much too simplistic in its current form - even if there is a relationship 
between empathising and psychosis. They offer that a plausible explanation 
for the lack of empirical evidence for the ASD -  schizophrenia continuum, (as 
was evident in this thesis), is that rather than a bias in empathising and 
systemising playing a causal role in the manifestation of psychosis, it may be 
more accurate to consider that the manifestation of psychosis subsequently 
effects empathising and systemising ability. A notion that is worthy of further 
research.
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Furthermore, this work has demonstrated that the E-S theory is capable of 
incorporating additional markers of cognitive function (memory capacity) that 
can predict where a person places on the continuum, thus significantly 
extending the knowledge pertaining to the E-S theory. This finding 
demonstrated that memory for social stimuli was greater in those who scored 
as higher empathisers and lower systemisers. Does this finding support the 
notion that social cognitive neuroscience should consider the role of 
biological sex, or empathising and systemising ability in emotional 
processing? In support of this, Cahill et al. (2007) suggests that neurobiology 
must take into account the importance of gender/sex differences in emotional 
processing. Is it the case that those with greater empathising skills are able 
to encode emotional or social memory with greater detail? Does feature 
binding work better in empathisers due to a better underlying ability to 
understand and identify social context? Further research is required here, as 
these novel findings not only extend the knowledge of additional cognitive 
markers on the E-S continuum, but also offer the first support (to the author’s 
knowledge) for the theoretical predictions of the IBT, in that people who 
present as empathisers will show significantly better episodic memory 
alongside a greater susceptibility to source monitoring error, presumably due 
to the links between psychosis and the inability to distinguish true from false 
memories (Badcock, 2011).
The results of thesis contribute to the discussion surrounding the importance 
of developing robust diagnostic processes in relation to the disorders that 
have been discussed throughout this thesis. For instance, Van Schalkwyk et 
al. (2015) offer that there is great potential for misdiagnosis in ASD and
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schizophrenia, due to the relative overlap of symptoms (a conception that 
was evident in this thesis in trait samples only). In a series of case studies, 
they concluded that often, psychotic episodes that are observed in ASD 
would be better understood as part of ASD symptomology rather than a 
separate diagnosis of schizophrenia, which in turn, causes difficultly with 
putting into place correct treatment plans. This, along with the implications 
discussed above, signifies the importance of continuing to explore the exact 
nature of the relationship between ASD and schizophrenia phenotypes.
In conclusion, the implications for the field of social cognitive neuroscience in 
terms of the accuracy of the IBT in characterising the EFB, are informative 
and offer an opportunity to advance the knowledge pertaining to the 
féminisation of the brain both at a healthy and extreme level. However, one 
key finding was that there was no apparent trade-off between empathising 
and systemising, on either self-report or direct performance measures. As 
this thesis progressed it became apparent that the lack of support for the 
trade-off relationship between empathising and systemising (Chapter 10 [and 
consistently replicated throughout the thesis]) was disconcerting and has 
highlighted how much of a consideration this discovery must be, in any 
further investigation into the E-S theory model. If this notion is ignored, it is 
argued here that investigations into the EFB profile may be compromised. 
The finding that age-related effects are significantly implicated in the trade-off 
relationship between empathising and systemising was an imperative finding 
of this work and one that has not been considered in previous studies (as far 
as the researcher is aware). This has demonstrated the importance of 
considering confounding variables such as age in terms of the trade-off
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relationship between empathising and systemising. The field must therefore 
consider that the presumed trade-off is not consistent throughout the 
lifespan. Ultimately, the trade-off between empathising and systemising is the 
concept on which the EFB profile is built.
11.4 Considerations and future directions
In today’s political climate, it is important to touch upon the important concept 
of neurosexism in scientific research (Fine, 2010b; Fine et al., 2013). Baron- 
Cohen (2007) addresses these issues by emphasising that what the E-S 
theory refers to is ‘averages’ and that these averages have ‘very little to do 
with individuals’ (p. 159). He suggests that the political climate of the 
1960/70’s made an open-minded discussion of sex differences impossible for 
science, but that in modern times, thankfully, the debate surrounding biology 
and how it influence sex differences is met with more impartiality. Baron- 
Cohen (2007) states that his own personal view is that science should be 
sensitive to gender inequalities and not over-state any conclusions. He goes 
on to suggest that the fact that his work focuses on statistical averages and 
says nothing about the individual meets this requirement. He stresses that 
the E-S theory suggests that individuals can be atypical for their sex, and this 
demonstrates that the E-S theory requires you to look at individuals on their 
own merit and does not endorse a strict gender dependent cognitive profiles. 
Baron-Cohen (2007) goes on to recommend that scientific enquiry into sex 
differences needs to remain separate from social policy discussion, that the 
E-S theory is looking at cognitive abilities, not pre-determined abilities in 
accordance with biological sex. However, it could be argued here that any
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theory that uses the terms ‘male and female brains’ is of course relevant to 
the debate on how biological sex differences are applicable in a social 
context. This is potentially dangerous territory that requires sensitivity to the 
consequences of endorsing political power structures (Nash, 2014). Whilst 
rigorous scientific enquiry is vital to further our understanding of sex 
differences, researchers in the field have a moral duty to appreciate the 
historical landscape of political agenda and power play, and interpret findings 
with caution and sensitivity.
In terms of the experimental paradigm employed here, this thesis 
administered direct tests of cognitive empathy, but not affective empathy. 
The reason for this methodological choice was that a developed and 
validated test of affective empathy was not available and it was deemed 
important to continue the trend in the literature by employing the most 
popular measures of empathising in order to be comparable with previous 
studies. This is an important consideration for future studies as there is 
evidence to suggest a dissociation between cognitive and affective empathy 
processes (Shamay-Tsoory et al., 2007; Kalbe et al., 2010), thus this issue 
should be a considered in relation to the findings here, and addressed in 
further study. However, there is also evidence to suggest that cognitive and 
affective empathy are significantly connected (Wlodarski, 2015) which infers 
results employing affective empathy tasks are likely to be very similar to the 
ones reported in this thesis.
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In terms of how to continue with the investigation into the EFB, E-S and IBT 
concepts, the field of study is in need of research that specifically identifies 
the neuronal mechanisms that drive empathising and systemising (Baron 
Cohen, 2009; Dinsdale et al., 2016). Whilst the neurological basis of empathy 
is progressing (Baron-Cohen, 2009), the knowledge in relation to the brain 
basis of systemising is vague (Chapter 3). Future research is required in 
order to explore the neurological basis of empathising and systemising, both 
separately and as a possible connected network as this area of debate also 
remains unresolved. It is also important to take this research beyond 
behavioural data by measuring the electroencephalographic (EEG) mu 
rhythm as a proxy for measuring mirror neuron (MN) activity for instance. MN 
dysfunction has not previously been investigated in terms of the E-S theory, 
and is the next logical step (see Chapter 2). Previous research has 
demonstrated that MN activity is associated with empathie ability in normal 
cognition (Zaki et al 2009; Hooker et al 2010) and dysfunction of this system 
is apparent in ASD (lacoboni and Dapretto, 2006; Rizzolatti and Craighero, 
2005). Interestingly, MN activity, in relation to schizophrenia conditions is 
unclear; studies report contrasting results. For instance, Enticott et al (2008) 
found MN activity is reduced in schizophrenic patients and shows a similar 
pattern to that found in autistic patients, on the other hand Quintana et al 
(2001) and McCormack et al (2012) concluded that MN activation is higher in 
schizophrenia than it is in controls, along with a correlate of severity. Whilst 
the notion of the IBT struggles with the results presented here in this thesis, 
exploration of the IBT at a neuronal level may simplify the seemingly complex 
relationship between ASD and schizophrenia (plus sub-types), and
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empathising and systemising. It would be expected if the ASD -  
schizophrenia continuum was evident at a neuronal level that MN activity 
would be reduced in the male brain and heightened in the female brain. 
Additionally, an interesting future study, which would have implications at the 
clinical level would be an exploration of the E-S model in relation to 
hormones and the neuroendocrine system in general. The menstrual cycle 
for example, is the major biological distinction between males and females; it 
controls the variation in sex hormones across the monthly cycle and 
significantly influences sexual differentiation in brain structure and 
neurochemistry (Cosgrove et al., 2007). The role of oestrogen is an important 
area of research pertaining to the EFB profile. It has already been 
established that oestrogen regulation affects learning and memory processes 
(Gillies & McArthur, 2010). Therefore, future studies should aim to further the 
knowledge related to the role of oestrogen in the determination of E-S brain 
profiles. Gillies and McArthur (2010) suggest if the field of neurobiology can 
unravel the exact process of oestrogen effects, there is a promising 
possibility of developing oestrogen based therapies that may be useful for the 
treatment of brain disorder.
In relation to future studies concerning behavioural data, there are still areas 
for investigation. For instance, even though, this thesis must reject the 
postulation of the characterisation of the EFB profile with complete 
schizophrenia pathology, in order to comprehensively investigate Badcock & 
Crespi’s (2008) theory of the ASD -  schizophrenia continuum, further 
research employing clinical populations is warranted. This thesis can only 
claim to apply its’ findings to non-clinical populations and trait behaviours.
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Lastly, in light of the new findings relating to age-related effects in the 
relationship between empathising and systemising, longitudinal research 
would be useful to investigate any apparent changes over time and any 
specific influence of these changes, such as pregnancy or menopause in 
order to extend the knowledge of this new observation.
11.5 Thesis conclusion
This thesis investigated the potential pathology and cognitive attributes of the 
EFB. The EFB profile is derived from the E-S theory, which hypothesises that 
sex differences in cognition exist on a continuum, based on abilities in 
empathising and systemising (Baron-Cohen, 2003). The EFB profile is 
defined as advanced empathising alongside deficient systemising (Baron- 
Cohen, 2003) and compared to the EMB profile has received little attention in 
social cognitive neuroscience research to date. This thesis revealed that 
episodic memory ability for social situations was able to significantly predict 
where a person lies on the E-S continuum, suggesting support for a new 
cognitive dimension that is implicated in the E-S model. Regarding potential 
pathology, results from this thesis showed that individual elements 
associated with paranoia (such as ‘jumping to conclusions’) were associated 
with an empathising bias. However, a bias in systemising ability was also 
associated with schizotypy, along with a significant overlap between the 
expression of autistic traits and negative expressions of schizotypy. 
Therefore, considering the results of this thesis collectively, it is argued that 
whilst the specific phenotypes of positive schizotypy have demonstrated 
associative links with the type E profile, which offers some degree of support
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for the hypothesis of the IBT, the notion that all elements of positive 
schizotypy combined are associated with the EFB is too general.
Furthermore, it is essential to look at age in any investigation of a trade-off 
between empathising and systemising. These findings are novel, and will 
allow the field of social cognitive neuroscience, biological psychology, clinical 
psychology, neuropsychiatry, evolutionary psychology and cognitive 
psychology to progress. These results have significant implications for the 
assessment, diagnosis and treatment of neuropsychological disorders.
Future research should look at investigating the neural basis of empathising 
and systemising by employing a wide range of neuroimaging methods to 
further advance the knowledge of how these two cognitive processes are 
represented in the brain. The next logical step would be to investigate the mu 
rhythm in relation to MNs and their role in empathising and systemising and 
‘brain types’. This should be combined with investigations of other cognitive 
functions such as attention, perception, and language to get a fully informed 
picture of brain types, cognitive processes and neural function.
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A ppendix 1: The EQ
How to Fill Out the Questionnaire
Below is a list of statements. Please read each statement carefully and rate how strongly you agree 
or disagree with it by ticking the corresponding box. There are no right or wrong answers, or trick
questions.
IN ORDER FOR THE SCALE TO BE VALID, YOU MUST ANSWER EVERY QUESTION.
Strongly
Agree
Slightly
Agree
Slightly
Disagree
Strongly
Disagree
I can easily tell if someone else wants to enter a 
conversation
I really enjoy caring for other people
I find it hard to know what to do in a social situation, a
I often find it difficult to judge if something is rude or 
polite, a
In a conversation, I tend to focus on my own thoughts 
rather than on what my listener might be thinking, a
I can pick up quickly if someone says one thing but means 
another.
It is hard for me to see why some things upset people so 
much.a
I find it easy to put myself in somebody else's shoes.
I am good at predicting how someone will feel.
I am quick to spot when someone in a group is feeling 
awkward or uncomfortable.
I can't always see why someone should have felt 
offended by a remark.a
I don't tend to find social situations confusing.
Other people tell me I am good at understanding how 
thev are feeling and what they are thinking
I can easily tell if someone else is interested or bored 
with what I am saying.
Friends usually talk to me about their problems as they 
sav that I am very understanding.
I can sense if I am intruding, even if the other person 
doesn't tell me.
Other people often say that I am insensitive, though I 
don't always see why.a
I can tune into how someone else feels rapidly and 
intuitively.
Tcan easily work out what another person might want to 
talk about.
I ran tell if someone is masking their true emotion.
i am good at predicting what someone will do.
1 tend to get emotionally involved with a friend's 
problems.
291
A ppendix 2: The SQ
How to Fill Out the Q uestionnaire
Below is a list of statements. Please read each statement carefully and rate how strongly you agree 
or disagree with it by ticking the corresponding box. There are no right or wrong answers, or trick
questions.
IN ORDER FOR THE SCALE TO BE VALID, YOU MUST ANSWER EVERY QUESTION.
Strongly
Agree
Slightly
Agree
Slightly
Disagree
Strongly
Disagree
If 1 were buying a car, 1 would want to obtain specific information 
about its engine capacity.
If there was a problem with the electrical wiring in my home, 1 d be 
able to fix it myself.
1 rarplv read articles or web pages about new technology.a
l do not eniov games that involve a high degree of strategy.a
1 am fascinated by how machines work.
In math, 1 am intrigued by the rules and patterns governing 
numbers.
1 find it difficult to understand instruction manuals for putting 
aDoliances together.a
If 1 were buying a computer, 1 would want to know exact details 
about its hard disk capacity and processor speed.
I find it difficult to read and understand maps.a
When 1 look at a piece of furniture, 1 do not notice the details of 
how it was constructed.a
l find it difficult to learn my way around a new city.a
1 do not tend to watch science documentaries on television or read 
articles about science and nature, a
If 1 were buying a stereo, 1 would want to know about its precise 
technical features.
1 find it pasy to grasp exactly how odds work in betting.
i am not verv meticulous when 1 carry out D.I.Y.a
When 1 look at a building, 1 am curious about the precise way it was 
c o n s t r u c t e d . ---------------------------------
1 find it difficult to understand information the bank sends me on 
different investment and saving systems, a
When travelling by train, 1 often wonder exactly how the rail 
networks are coordinated.
If 1 were buying a camera, 1 would not look carefully into the quality 
ofthelens.a ---------------------------
When 1 hear the weather forecast, 1 am not very interested in the 
meteorological patterns.a
When 1 look at a mountain, 1 think about how precisely it was 
f o r m e d . _____________________________
1 ra n  pasilv visualize how the motorways in my region link up.
yvhen I'm in a Diane, 1 do not think about the aerodynamics.a
1 am interested in knowing the path a river takes from its source to 
the sea. ------------- --------------------------------------
I am not interested in understanding now wireless communication 
works.a_______________ _ ________________________________
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A ppendix 3: The Say W hat? Task
StatementsIt would take 63 hours to walk from Leeds to Edinburgh PRESENT- The M62 is the second busiest motorway in the UK PRESENT- According to the telegraph, people in the UK are happiest on a Sunday-
FALSE- More people watch TV than read novels- FALSE- Thursday is the day before Friday- PRESENT- The UK imports 30,000 tonnes of apples every month PRESENT- The scientific name for a rose is rosa- FALSE- Elephants are the largest land animals on earth PRESENT- According to the energy saving trust, you will pay £30 extra a year powering appliances on stand-by- PRESENTIn 2013 183 million books were sold in the UK PRESENT- On average an apple has 52 calories- FALSE- When spring arrives, so do the daffodils PRESENT- Asia is the world’s largest continent- PRESENT- The lifespan of an emperor penguin is 20 years -  FALSE
The following page shows screengrabs of the Say What? Task. The first 
screenshot shows participant instructions. The second screenshot 
shows the clip. The third screenshot shows the source recall response 
screen.
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In this task, you will watch 10 short video clips.
Try your best to pay attention to these clips.
Afterwards, you will be asked some questions 
about them.
Press space bar to begin the first clip.
Who said: 'It would take 63 hours to walk from  Leeds to Edinburgh'?
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A ppendix 4: The O-LIFE
T he O xford-L iverpool In ven to ry  o f Feelings and  Experiences (O-LIFE) S hort V ersion
Unusual Experiences (12 items)
1. When in the dark do you often see shapes and forms even though there is nothing there?
2. Are your thoughts sometimes so strong that you can almost hear them?
3. Have you ever thought that you had special, almost magical powers?
4. Have you sometimes sensed an evil presence around you, even though you could not see it?
5. Do you think that you could learn to read other’s minds if you wanted to?
6. When you look in the mirror does your face sometimes seem quite different from usual?
7. Do ideas and insights sometimes come to you so fast that you cannot express them all?
8. Can some people make you aware of them just by thinking about you?
9. Does a passing thought ever seem so real it frightens you?
10. Do you feel that your accidents are caused by mysterious forces?
11. Do you ever have a sense of vague danger or sudden dread for reasons that you do not understand?
12. Does your sense of smell sometimes become unusually strong?
Cognitive Disorganisation (11 items)
13. Are you easily confused if too much happens at the same time?
14. Do you frequently have difficulty in starting to do things?
15. Are you a person whose mood goes up and down easily?
16. Do you dread going into a room by yourself where other people have already gathered and are 
talking?
17. Do you find it difficult to keep interested in the same thing for a long time?
18. Do you often have difficulties in controlling your thoughts?
19. Are you easily distracted from work by daydreams?
20. Do you ever feel that your speech is difficult to understand because the words are all mixed up and 
don't make sense?
21. Are you easily distracted when you read or talk to someone?
22. Is it hard for you to make decisions?
23. When in a crowded room, do you often have difficulty in following a conversation?
Introvertive Anhedonia (10 items)
24. Are there very few things that you have ever enjoyed doing?
25. Are you much too independent to get involved with other people?
26. Do you love having your back massaged?a
27. Do you find the bright lights of a city exciting to look at?a
28. Do you feel very close to your friends?a
29. Has dancing or the idea of it always seemed dull to you?
30. Do you like mixing with people?a
31. Is trying new foods something you have always enjoyed?a
32. Have you often felt uncomfortable when your friends touch you?
33. Do you prefer watching television to going out with people?
Impulsive Nonconformity (10 items)
34. Do you consider yourself to be pretty much an average sort of person?a
35. Would you like other people to be afraid of you?
36. Do you often feel the impulse to spend money which you know you can't afford?
37. Are you usually in an average kind of mood, not too high and not too low?a
38. Do you at times have an urge to do something harmful or shocking?
39. Do you stop to think things over before doing anything?a
40. Do you often overindulge In alcohol or food?
41. Do you ever have the urge to break or smash things?
42. Have you ever felt the urge to injure yourself?
43. Do you often feel like doing the opposite of what other people suggest even though you know they
are right? Key: a Score 1 for no, 0 for yes.
Appendix 5: EAT-26
E a t in g  A t t it u d e s  T e s t  ( E A T - 2 6 )e
Instructions: This Is a screening measure to  help you determine whether you m ight have an eating disorder that needs 
professional attention. This screening measure Is not designed to  make a diagnosis o f an eating disorder or take the 
place o f a professional consultation. Please fill out the below form  as accurately, honestly and completely as possible. 
There are no rk jh t or wrong answers. All o f your responses are confidential.
P a rt  A : C o m p le te  th e  fo llo w in g  q u e stio n s :
1) Birth Date Month: Day: Year: 2) Gender: Male Female
3) Height Feet: Inches: □ □
4) Current W eight (lbs.): 5) Hghost W eight (excluding pregnancy):
6 ) low e st Adult W eight: 7: Ideal W eight:
P a rt  B : C h e ch  a  re sp o n se  fo r  e a ch  o f  th e  fo llo w in g  s ta te m e n ts: Always U M h Often
Some
times Rarely Never
I 1'
Am terrified about being overweight. □ □ O □ □ C
r i r Avoid eating when I am hungry. a □ □ □ C c
3. Find myself preoccupied w ith food. C 3 □ □ C c
4. Have gone on eating binges where I feel tha t I may not be able to stop. □ 0 □ □ C □
5. Cut my food Into small pieces. O □ O □ □ a
6. Aware o f the calorie content o f foods that I eat. □ □ □ □ □ □
7. Particularly avoid food w ith a high carbohydrate content (l.e . bread, rice 
potatoes, etc.) □ □ Q □ O □
8. Feel that others would prefer if I ate more. o □ o Q a □
9. Vomit after I have eaten. a □ □ C o a
to. Fed extremely guilty a fte r eating. □ □ □ 0 a
11. Am preoccupied w ith a desire to  be thinner. o □ a 0 □ □
12. Think about burning up calories when I exercise. □ □ □ c □ □
13. Other people think that I am too thin. □ □ □ c □ o
14. Am preoccupied w ith the thought o f having fa t on my body. □ □ □ c □ o
15. Take longer than others to eat my meals. □ □ □ o □ o
16. Avoid foods w ith sugar in them. a □ □ o 0 D
17. Eat diet foods. □ □ a □ o a
18. Fed that food controls my life. o n □ □ o □
19. Display self-control around food. a □ □ □ D o
20. Fed tha t others pressure me to  eat. □ □ □ □ □ a
21. Give too much tim e and thought to  food. □ □ G c o n
22. Fed uncomfortable after eabng sweets. □ □ □ □ □ □
23. Engage In dieting behavior. □ □ □ G □ □
24. Like my stomach to  be empty. a □ O O o □
25. Have the Impulse to  vom it after meals. a □ □ □ □ □
26. Enjoy trying new rich foods. a □ □ O □ □
P a rt  C : B e h a v io ra l Q u e stio n s: 
I n  th e  p a st  6  m o n th s  ha ve  y o u :
Never
Oxe a
month 
or less
2 3 
timesa 
month
Once
a
2 4  
times 
iw n k
Once a 
day or 
more
A
Gone on eating binges where you fed  tha t you may not be able to
stop? •
□ □ □ c □ a
B
Ever made yourseif sick (vom ited) to  control your weight or shape? □ □ □ □ □ □
C
Ever used laxatives, diet pills or diuretics (water pills) to control your 
weight or shape?
□ □ □ □ □ a
D
Exercised more than 60 minutes a day to  lose or to  control your 
weight? . __....
□ □ □ □ □ □
E Lost 20 oounds or more in the past 6 months Yes □ No □
•finrri as aabng much more than most peode would under the same orcumstances and feeling that eatmo is out of control
0  Copyright EAT-28: (Gamer et al. 1982, Psychological Medicine 12, 871-878). adapted by D Garner with permission
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A ppendix 6: GAD-7
G A D -7  Anxiety
rive r the last two weeks, how often have vou 
been bothered by the following problems?
Not 
at a !
Several
days
More 
than half 
the days
Nearly
every
dav
1. Feeling nervous, anxious, or on edge
0 1 2 3
2. Not being able to sleep or control 
worrying 0 1 2 3
3. Worrying too much about different things
0 1 2 3
4. Trouble relaxing
0 1 2 3
5. Being so restless that it is hard to s it still
0 1 2 3
6. Becoming easily annoyed or irritable
0 1 2 3
7. Feeling afraid, as if something awful 
might happen 0 1 2 3
Column totals _____ +
T o ta l s c o r e
If you checked any problems, how difficult have they made it for you to do your work, take care of
things at home, or get along with other people? 
Not difficult at a l Somewhat difficult Very difficult Extremely difficult
□□
□ □
Source: Pnmary Car» Evaluation o f Mental Disorders Patient Hearth Questionnaire (PRIME-MO-PHQ). The PHQ was 
developed by Drv Robert L  Sprtzer. Janet B W Whams. Kurt Kroenke, and coleagues For research information, contact Dr. 
Spitzar at ns& ftco lin txa  «*j. PRiME-MDS is a raoem art of Pfeer ne. CopyoghtO 1 WO Pfizer Inc. A I rights reserved. 
Reproduced with perm &on
Scoring G A D -7  Anxiety Severity
This is calculated by assigning scores of 0 ,1 ,2 , and 3 to the response categories, respectively, 
o f “not at all," "several days," “more than half the days," and “nearly every day."
GAD-7 total score for the seven items ranges from 0 to 21.
0-4: minimal anxiety 
5-9: mild anxiety 
10-14: moderate anxiety 
15-21: severe anxiety
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Appendix 7: FNE (brief)
Brief Fear of Negative Evaluation Scale
Leary(1983)
R ead each o f  the fo llo w in g  statem ents carefu lly  and indicate  
h o w  characteristic it is o f  yo u  acco rd in g to the fo llo w in g  
scale:
1 =  N o t at all characteristic o f  m e
2  =  S lig h tly  characteristic o f  m e
3 =  M o d era tely  characteristic o f  m e
4  =  V e r y  characteristic o f  m e
5 =  E x tre m e ly characteristic o f  m e
1. I w o rry about w hat other p eo p le  w ill think o f  m e e v e n  w h e n  I  k n o w  it doesn't m ake  
a n y difference.
2. I a m  unconcerned e ven  i f  I k n o w  p e o p le  are form ing an unfavorable im pression o f  me.
3. I am  frequently afraid o f  other peo p le  n oticin g m y  shortcom ings.
4. I rarely w o rry about w h a t kin d o f  im pression I am  m a kin g on som eone.
5. I am  afraid others w ill not app rove o f  me.
6. I am  afraid that people w ill find fault w ith  m e.
7. O ther p eo ple's opinions o f  m e d o  not bother me.
8. W h en  I am  talkin g to som eone, I  w orry about w hat th ey m a y be thin kin g about m e.
9. I am  u su a lly  w orried about w hat kind o f  im pression I m ake.
10. I f  I kn o w  som eone is ju d g in g  m e, it has little e ffe c t on me.
1 1 .  Som etim es I think I am  too concerned w ith w hat other p eo p le  think o f  m e.
12.1 often w orry that I w ill sa y  or do the w ron g things.
From : Leary, M. R. (1983). A brief version of the Fear of Negative Evaluation Scale. 
P e rs o n a lity  a n d  S o c ia l P s y c h o lo g y  B ulletin , 9 , 371-376.
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Appendix 8: Paranoia checklist
How often have you had any of these thoughts?
Rarely Once a 
month
Once a 
week
Several 
times a 
week
At
least 
once a 
day
1 need to be on my guard against 
others
There might be negative comments 
being circulated about me
People deliberately try to irritate me
1 might be being observed or followed
People are trying to make me upset
People communicate about me in 
subtle ways
Strangers and friends look at me 
critically
People might be hostile towards me
Bad things are being said about me 
behind my back
Someone 1 know has bad intentions 
towards me
There is a possibility of a conspiracy 
against me
People are laughing at me
I am under threat from others
1 can detect coded messages about me 
in the press/TV/radio
My actions and thoughts might be 
controlled by others
299
H o w  s trong ly  do  you b e liev e  th e s e  thoughts?
1 do not
believe
it
Believe 
it a little
Believe it 
somewhat
Believe 
it a lot
Absolutely 
believe it
1 need to be on my guard 
against others
There might be negative 
comments being circulated 
about me
People deliberately try to 
irritate me
1 might be being observed or 
followed
People are trying to make me 
upset
People communicate about me 
in subtle ways
Strangers and friends look at 
me critically
People might be hostile 
towards me
Bad things are being said about 
me behind my back
Someone 1 know has bad 
intentions towards me
There is a possibility of a 
conspiracy against me
People are laughing at me
1 am under threat from others
1 can detect coded messages 
about me in the press/TV/radio
My actions and thoughts might 
be controlled by others
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H o w  u p se ttin g  a re  these  th o u g h ts  fo r  you?
Not
distressing
A little 
distressing
Somewhat
distressing
Moderately
distressing
Very
distressing
I need to be on my guard 
against others
There m ight be negative 
com m ents being circulated 
abou t me
People deliberately try to 
irritate me
I m igh t be being observed o r 
fo llow ed
People are trying to make me 
upset
People com m unicate about 
me in subtle ways
Strangers and friends look at 
me critically
People m ight be hostile 
tow ards me
Bad things are being said 
about me behind my back
Someone I know  has bad 
in te n tio ns  tow ards me
There is a possibility of a 
conspiracy against me
People are laughing at me
I am under threat from others
I can de tect coded messages 
ab ou t me in the 
press/TV /rad io
My actions and thoughts 
might be controlled by others
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Appendix 9: The AQ
H o w  to  fill o u t th e  q u estio n na ire
B e lo w  a re  a  lis t o f  s ta te m e n ts . P lea se  re a d  ea ch  s ta te m e n t  v e ry  c a re fu lly  a n d  r a te  h o w  
s tro n g ly  yo u  a g re e  o r  d is a g re e  w ith  i t  b y  c irc lin g  y o u r  an s w e r.
DO N O T M ISS A NY STATEM ENT O U T.
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1.1 prefer to do things with others rather than on 
my own.
definitely
agree
slightly
agree
slightly
disagree
definitely
disagree
2.1 prefer to do things the same way over and 
over again.
definitely
agree
slightly
agree
slightly
disagree
definitely
disagree
3. If 1 try to imagine something, 1 find it very easy 
to create a picture in my mind.
definitely
agree
slightly
agree
slightly
disagree
definitely
disagree
4.1 frequently get so strongly absorbed in one 
thing that 1 lose sight of other things.
definitely
agree
slightly
agree
slightly
disagree
definitely
disagree
5.1 often notice small sounds when others do not. definitely slightly slightly definitely
agree agree disagree disagree
6.1 usually notice car number plates or similar 
strings of information.
definitely
agree
slightly
agree
slightly
disagree
definitely
disagree
7. Other people frequently tell me that what I've 
said is impolite, even though 1 think it is polite.
definitely
agree
slightly
agree
slightly
disagree
definitely
disagree
8. When I'm reading a story, 1 can easily imagine 
what the characters might look like.
definitely
agree
slightly
agree
slightly
disagree
definitely
disagree
9.1 am fascinated by dates. definitely
agree
slightly
agree
slightly
disagree
definitely
disagree
10. In a social group, 1 can easily keep track of 
several different people's conversations.
definitely
agree
slightly
agree
slightly
disagree
definitely
disagree
11.1 find social situations easy. definitely
agree
slightly
agree
slightly
disagree
definitely
disagree
12. 1 tend to notice details that others do not. definitely
agree
slightly
agree
slightly
disagree
definitely
disagree
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13.1 would rather go to a library than a party. definitely slightly slightly definitely 
agree agree disagree disagree
14.1 find making up stories easy. definitely slightly slightly definitely 
agree agree disagree disagree
15.1 find myself drawn more strongly to people 
than to things.
definitely slightly slightly definitely 
agree agree disagree disagree
16.1 tend to have very strong interests which 1 get 
upset about if 1 can't pursue.
definitely slightly slightly definitely 
agree agree disagree disagree
17.1 enjoy social chit-chat. definitely slightly slightly definitely 
agree agree disagree disagree
18. When 1 talk, it isn't always easy for others to get 
a word in edgeways.
definitely slightly slightly definitely 
agree agree disagree disagree
19.1 am fascinated by numbers. definitely slightly slightly definitely 
agree agree disagree disagree
20. When I'm reading a story, 1 find it difficult to 
work out the characters' intentions.
definitely slightly slightly definitely 
agree agree disagree disagree
21.1 don't particularly enjoy reading fiction. definitely slightly slightly definitely 
agree agree disagree disagree
22.1 find it hard to make new friends. definitely slightly slightly definitely 
agree agree disagree disagree
23. 1 notice patterns in things all the time. definitely slightly slightly definitely 
agree agree disagree disagree
24.1 would rather go to the theatre than a museum. definitely slightly slightly definitely 
agree agree disagree disagree
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25. It does not upset me if my daily routine is 
disturbed.
definitely slightly slightly
disagree
definitely
agree agree disagree
26.1 frequently find that 1 don't know how to keep 
a conversation going.
definitely slightly slightly
disagree
definitely
disagreeagree agree
27.1 find it easy to "read between the lines" when 
someone is talking to me.
definitely slightly slightly
disagree
definitely
disagreeagree agree
28.1 usually concentrate more on the whole 
picture, rather than the small details.
definitely slightly slightly
disagree
definitely
disagreeagree agree
29.1 am not very good at remembering phone definitely slightly slightly definitely
numbers.
agree agree disagree disagree
30.1 don't usually notice small changes in a 
situation, or a person's appearance.
definitely slightly slightly
disagree
definitely
disagreeagree agree
31.1 know how to tell if someone listening to me is definitely slightly slightly definitely
getting bored. agree agree disagree disagree
32.1 find it easy to do more than one thing at once. definitely slightly slightly definitely
agree agree disagree disagree
33. When 1 talk on the phone, I'm not sure when it's definitely slightly slightly definitely
my turn to speak. agree agree disagree disagree
34.1 enjoy doing things spontaneously. definitely slightly slightly definitely
agree agree disagree disagree
35.1 am often the last to understand the point of a definitely slightly slightly definitely
joke. agree agree disagree disagree
36.1 find it easy to work out what someone is 
thinking or feeling just by looking at their face.
definitely
agree
slightly slightly
disagree
definitely
disagreeagree
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37. If there is an interruption, 1 can switch back to 
what 1 was doing very quickly.
definitely
agree
slightly
agree
slightly
disagree
definitely
disagree
38.1 am good at social chit-chat. definitely slightly slightly definitely
agree agree disagree disagree
39. People often tell me that 1 keep going on and on definitely slightly slightly definitely
about the same thing. agree agree disagree disagree
40. When 1 was young, 1 used to enjoy playing definitely slightly slightly definitely
games involving pretending with other children. agree agree disagree disagree
41.1 like to collect information about categories of definitely slightly slightly definitely
things (e.g. types of car, types of bird, types of 
train, types of plant, etc.). agree agree disagree disagree
42.1 find it difficult to imagine what it would be like definitely slightly slightly definitely
to be someone else.
agree agree disagree disagree
43.1 like to plan any activities 1 participate in definitely slightly slightly definitely
carefully. agree agree disagree disagree
44.1 enjoy social occasions. definitely slightly slightly definitely
agree agree disagree disagree
45. 1 find it difficult to work out people's intentions. definitely slightly slightly definitely
agree agree disagree disagree
46. New situations make me anxious. definitely slightly slightly definitely
agree agree disagree disagree
47.1 enjoy meeting new people. definitely slightly slightly definitely
agree agree disagree disagree
48.1 am a good diplomat. definitely slightly slightly definitely
agree agree disagree disagree
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49. 1 am not very good at remembering people's 
date of birth.
definitely slightly slightly definitely 
agree agree disagree disagree
50.1 find it very easy to play games with children 
that involve pretending.
definitely slightly slightly definitely 
agree agree disagree disagree
D eve lo ped  by: The A utism  Research C entre , U n ivers ity  o f C am bridge
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Appendix 10: Chapter 9 supplementary data
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